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INTRODUCTION 
Reproductive failure is the major involuntary reason that high-
producing cows are removed from dairy herds (Van Vleck and Norman, 1972, 
and Call, 1976). A variety of factors, working together or separately, 
cause reproductive failure (Asdell, 1968, and Martin, 1976). Attention 
to fertility is not only important to keep cows in production (Foote, 
1970) but daughter's fertility is important as a tool in selecting re-
placement bulls for artificial insemination. Sire differences in 
daughter's fertility do exist (Asdell, 1968, Casida, 1961, Gaunt et al., 
1976, and Salisbury et al., 1952). Results of the present study are 
useful in evaluating female fertility, and consequently, male fertility 
based on daughter's performance. Semen fertility is not discussed except 
as a cause of embryonic deaths. 
Reproductive failure is quantified by measuring conception interval, 
or days open, defined as the number of days from parturition to concep-
tion resulting in a gestation longer than 150 days. Conception rate, 
defined as the number of parturitions divided by the number of cows 
exposed, is also used as a quantitative fertility measure, although it 
is binomial on a per cow basis. 
The purpose of this study is to determine the relative importance 
of reproductive traits on the variation in days open and conception rate. 
Season, parity, uterine involution grade, ovarian condition, retained 
placenta, dystocia, embryonic mortality, reproductive treatment and 
services per conception are investigated as direct components of days 
open and conception rate. Direct intervals of days, such as time to 
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first estrus or time to first breeding, are not used as reproductive 
traits. The relationships between the reproductive traits and milk pro-
duction are reported. Reproductive trait means and incidences of health 
disorders are briefly suuanarized by genetic groups. 
Advocation of 12 month calving intervals is assumed, but an economic 
evaluation of the optimal calving interval has not been performed in 
this study. The assumption that higher conception rates are desirable 
is true for the average dairyman. Therefore, the purpose of this paper 
is to determine the relative importance of some reproductive traits on 
the variation in conception interval and conception rate, so that dairy-
men can more accurately evaluate how to reach their optimal calving in-
tervals. 
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LITERATURE REVIEW 
Previously reported measures of fertility, including calving inter-
val, days carried calf and nonreturn rate are not as adequate indicators 
of fertility as conception interval. Touchberry et al. (1959), Olds 
and Cooper (1970) and Silva et al. (1976) reported that conception 
interval accounted for 99%, 98% and 94%, respectively, of the variation 
in calving interval, because there is little variation in gestation 
length. Because calving interval and days carried calf are unknown until 
a cow refreshens, they require a longer measurement interval than con-
ception interval. Artificial insemination nonreturn rate inflates the 
actual conception rate (Asdell, 1968 and Pelissier, 1976), because 
dairymen may concurrently use several artificial insemination studs and 
natural service bulls and sell bred, but open, cows. With the use of 
artificial insemination, service dates are known and facilitate the cal-
culation of conception interval early in the gestation. 
Conception interval is a measure of time. Other time measurements 
have been reported accounting for up to 76% (Poston et al., 1962) and 
81% (Kelly and Holman, 1975) of the variation in conception interval. 
These included length of estrus cycle preceding successful mating, 
days open to first service or days open from 70 days postpartum to 
first subsequent estrus, and services per conception. Although services 
per conception was not measured in days, it has a highly significant 
(P < 0.01) correlation of 0.86 with days from first service to conception 
(Slama et al., 1976), and the direct effect of services per conception 
accounted for 65% (Poston et al., 1962) and 44% (Kelly and Holman, 1975) 
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of the variation in days open. The direct effect of interval from first 
service to conception accounted for 61% of the variation in days open 
(Olds and Cooper, 1970). 
Table 1 summarizes 32 references relating to reproductive perfor-
mance. Conception interval means ranged from 81 days (Whitmore et al., 
1974a) to 158 days (VanDemark and Salisbury, 1950) with an unweighted 
average of 116 days open. The means of services per conception ranged 
from 1.65 (Brown et al., 1959) to 2.67 (Pelissier, 1970) with an un-
weighted average of 1.9 services per conception. First service conception 
rate varied from 36% (Gwazdauskas et al., 1975) to 62% (Trimberger, 1956) 
with an unweighted average of 49% conception to first service. 
Generally, conception interval measurements do not include animals 
that are sterile or sold as nonbreeders. Excluding these animals 
reduces the sample by an average of 9.8%, as reported in Table 2. This 
indirectly states that an average 90.2% of all cows conceive. The 
range of overall conception rate is from 86.5% (Thatcher and Wilcox, 
1973) to 94.4% (Moller et al., 1967). Assuming 3.5% sterility, the 
maximum obtainable conception rate is 96.5%. Including all cows in the 
calculation of services per conception, or services per cow, increases 
services per conception 0.2 from 2.1 to 2.3 (Barr, 1975), 1.8 to 2.0 
(Morrow et al., 1966) and 1.72 to 1.90 (Trimberger, 1956). 
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Table 1. Average services per conception, days open and conception 
rates at first service as reported in the literature 
Source 
Bathgate et al., 1976 
Barr, 1975 
Bozworth et al., 1972 
Britt, 1975 
Brown et al., 1959 
Erb et al., 1958 
Everett et al., 1966 
Gwazdauskas et al., 1975 
Harrison et al., 1975 
Hinze, 1959 
Kelly and Holman, 1975 
Legates, 1954 
Miller et al., 1967 
Morrow, 1970 
Morrow et al., 1966 
Norman and Thoele, 1967 
Olds and Cooper, 1970 
Oxender and Seguin, 1976 
Pelissier, 1970 
Pelissier, 1972 and 1976 
Pou et al., 1953 
Rennie, 1952 
Silva et al., 1976 
Slama et al. , 1976 
Smith and Legates, 1962 
Spalding et al., 1975 
Spike, 1972 
Thatcher and Wilcox, 1973 
aSubtropical climate. 
Services per 
conception 
(stan. dev.) 
1. 7 
2.1 
1.65 
1.84 
(1.4) 
1. 7 
2.22 
1.80 
(1. 3) 
2.3 
1.84 
1.68 
2.67 
2.44 
2.46 
1.95 
(1.15) 
2.48 
Days open 
(stan. dev.) 
126 
103 
101 
107 
(59.4) 
117 
106b 
127 
(69~ 
102 
118 
106 
(65) 
103 
(54) 
134 
122 
118 
(51) 
145 
(77) 
116 
116 
(77) 
Conception 
rate 
51 
56 
60 
43 
60 
43 
43 
44 
50 
41 
b Calculated by subtracting 279 days from reported calving interval. 
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Table 1. (Continued) 
Services per 
conception Days open Conception 
Source (stan. dev.) (stan. dev.) 
Trimberger, 1956 1. 72 
VanDemark and 
Salisbury, 1950 1. 97 158 
Whitmore et al., 1974a 1.95 81 
Unweighted average 1. 9 116 
Table 2. Percent of animals sold open or sterile as reported 
in the literature 
Source 
Brown et al., 1959 
Erb et al., 1958 
Hinze, 1959 
Kelly and Holman, 1975 
Moller et al., 1967 
Morrow, 1970 
Pelissier, 1970 
Pelissier, 1972 
Pou et al., 1953 
Thatcher and Wilcox, 1973 
Trimberger, 1956 
Whitmore et al., 1974a 
Unweighted average 
Sold open 
7.9 
11.2 
8 
12 
5.6 
11.5 
12.7 
7.7 
13.5 
7.6 
9.8 
Sterile 
3.5 
3.2a 
3.5 
a Cows reproductively out of condition to ever conceive. 
bH .f .. ei ers never conceiving. 
rate 
62 
51 
52 
49 
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Heritability 
Heritability estimates of services per conception, days open and 
calving interval are very low, as shown in Table 3. Estimates ranged 
from zero to 0.10. Inskeep et al. (1961) reported a heritability of 
conception rate of 0.085. The low estimates imply improvement in fer-
tility by direct selection would be slow. 
To successfully select females on fertility, it is necessary to 
find other traits that are highly correlated with fertility and that have 
higher heritabilities than fertility. Cystic ovaries and retained fetal 
membranes were associated with reduced fertility (Henricson, 1957; 
Kelly and Holman, 1975; Marion and Gier, 1968; Menge et al., 1962; 
Moller et al., 1967; Oxender, 1976; Pelissier, 1972; and Whitmore et al., 
1974a). Casida and Chapman (1951) estimated the heritability of cystic 
ovaries as 0.43. Erb et al. (1958) estimated the heritability of re-
tained fetal membranes as 0.38. The reports of Pelissier (1972) that 
retained fetal membranes are not the direct cause of lower fertility, and 
of Morrow et al. (1966) that some specific types of ovarian cysts do not 
influence fertility, reduces confidence in making fertility selections 
based on cystic ovaries or retained fetal membranes. Pollak (1975) 
estimated the heritability of dystocia as a trait of the dam as 0.11, and 
Laster et al. (1973) reported that dystocia had no significant effect on 
conception interval. Therefore, dystocia is not a promising correlated 
trait to make major changes in fertility. More research is needed to 
estimate heritabilities of other reproductive traits and to accurately 
determine specific causes of reproductive failure before selection for 
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Table 3. Heritability estimates of services per conception, days open 
and calving interval as reported in the literature 
Source 
Branton et al., 1956 
Carman, 1955 
Dunbar and Henderson, 1953 
Everett et al., 1966 
Legates, 1954 
Miller et al. , 196 7 
Norman and Thoele, 1967 
Pou et al., 1953 
Schaeffer and Henderson, 
1972 
Silva et al., 1976 
Smith and Legates, 1962 
Services per 
conception 
0.097 
0 
0 
0.05 
0.026 
0.07 
Days open 
0 
0.07 
0.07 
0 
0.05 
0.01 to 0.09 
Calving 
interval 
0 
0.10 
0 
0.02 to 0.04 
0.02 to 0.04 
Table 4. Repeatability estimates of services per conception, days open 
and calving interval as reported in the literature 
Source 
Branton et al., 1956 
Carman, 1955 
Everett et al., 1966 
Harrison et al., 1974 
Legates, 1954 
Norman and Thoele, 1967 
Pou et al., 1953 
Rennie, 1952 
Silva et al., 1976 
Services ·per 
conception 
0.106 
0 
0 
0.12 
Days open 
0 
0.12 + 0.01 
0.12 
Calving 
interval 
0 
0.35 
0.133+0.026 
0.02 to 0.20 
0.17 
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fertility can be very effectively practiced. 
The repeatability of a trait is defined as the maximum heritability 
(Lush, cl948), because one minus the repeatability is an estimate of the 
error variance. The repeatabilities of services per conception, days 
open and calving interval listed in Table 4 are slightly larger than the 
heritabilities given in Table 3. Dunbar and Henderson (1953) estimated 
the average intraherd repeatability of nonreturns to first service 
between 0.027 and 0.051. The low repeatabilities discourage selection for 
fertility on this trait. 
Norman and Thoele (1967) reported a repeatability of 0.40 to 0.63 
for milk production which has a heritability of 0.25. This is an example 
of a meaningful repeatability and heritability that allows dairymen, paid 
for milk production, to successfully practice selection principles on 
milk production. 
Production 
Spalding (1976) stated that "good herd managers can get high produc-
tion from cows and also get them in calf more quickly". He supported this 
with evidence from Virginia DHI where 84 high-producing herds averaged 
16,679 pounds of milk and 120 days open per cow compared to 63 low-
producing herds averaging 9,062 pounds of milk and 143 days open per cow. 
Spalding also did a within herd comparison where the lowest 25% of the 
cows were 2,000 pounds or more below herdmates and had an average 93 
days open following a 60% first service conception rate. The top 25% of 
the cows were 2,000 pounds or more above herdmates and had an average 130 
days open following a 39% first service conception rate. Norman (1976) 
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found that cows free of breeding problems in the first lactation pro-
duced 5,151 pounds more milk than difficult breeders. Louca and 
Legates (1968) found a partial correlation of -0.09 between 305 day 
milk production and days open, and a correlation of 0.22 between total 
lifetime milk and total days open. 
Call (1976) stated that "maternal influence and fetal requirements 
have little effect on milk flow until after the fifth month of gesta-
tion". Many researchers (Lauderdale, 1974; Olds, 1969; Ricketts et al., 
1975; Schaeffer and Henderson, 1972; Smith and Legates, 1962, and Wagner, 
1974) found that as milk production increased days open increased. Sig-
nificant positive correlations between milk production and days open 
were found by Holtz et al. (1976), r = 0.20 to 0.22; Matsoukas and 
Fairchild (1975), r = 0.125 and Miller et al. (1967), r = 0.19 to 0.21. 
Slama et al. (1976) excluding open cows found no significant effect of 
peak milk production on calving interval. Louca and Legates (1968) 
found that "days open were not uniformly expensive for all lactations of 
an animal". They found an increase of 1.16 kg of milk for each day 
open above 85 in the first lactation, and decreases of 3.58 kg and 
3.68 kg of milk for each additional day open above 85 in the second and 
third lactations, respectively. Averaged over all lactations, they 
found a decrease of 2.4 kg of milk for each additional day open. 
Whitmore et al. (1974a) found no significant difference between genetic 
production groups for the occurrence of nonbreeders. 
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Season and Parity 
Matsoukas and Fairchild (1975) in New England found no seasonal 
effect on fertility, but they found that fertility declined with in-
creasing parity. Slama et al. (1976) in North Carolina found no sig-
nificant effect of season or parity on fertility. 
Smith and Legates (1962) found 0.61% of the variation in days open 
was due to the regression of age in months on days open. Spalding et al. 
(1975) found that fertility declined as parity increased. 
In New York, Spalding (1976) found that days open increased during 
hot weather. Schaeffer and Henderson (1972) found longer days open for 
cows that freshened in the summer months than in the winter or spring. 
In Florida, Silva et al. (1976) found that cows were open significantly 
(P < 0.01) longer in the warm season, 128 days open, than in the colder 
season, 116 days open. Thatcher (1974) found that air conditioned cows 
in the sunnner had higher conception rates than nonair conditioned cows. 
Reproductive Traits 
Incidence levels and effects of reproductive traits such as dystocia, 
retained placenta, uterine involution grade, ovarian condition, embryonic 
mortality and reproductive treatment, on fertility are reported in the 
literature. 
Dystocia 
Pollak (1975) reported 15.0% and 18.6% incidence of calving assis-
tance for two independent data sets, and a 5% incidence of extreme calving 
difficulty. The incidence of extreme calving difficulty was higher 
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during the first parturition, 11.2% and 13.0%. The phenotypic correlation 
between parity and dystocia was negative, -0.20 and -0.28 in the two 
data sets. Significantly more calving difficulty was reported in October 
through March than during the rest of the year. 
Whitmore et al. (1974a) reported 3.5% incidence of dystocia. He 
found no significant difference in incidence of dystocia between high 
and low genetic milk production groups when first parity records were 
excluded. 
With beef cattle, Laster et al. (1973) found no significant effect 
of dystocia on days open for pregnant cows. He did find a lower concep-
tion rate following dystocia in cows bred to AI bulls. 
With Swedish cattle, Philipsson (1976) found 15.3% incidence of 
difficult parturitions. First service conception rate and services per 
conception were not significantly different (P > 0.05) following easy, 
normal and difficult parturitions, although the trend (P < 0.10) was 
toward reduced fertility with increased difficulty. Philipsson found 
the incidence of retained placentas significantly reduced fertility. 
The incidence of retained placentas was twice as large following difficult 
parturitions as following normal parturitions. The effects of retained 
placentas on fertility were independent of calving difficulty. 
Retained placenta 
The incidence of retained placenta ranged from 1.96% (Moller et al., 
1967) to 14.7% (Speicher and Kjome, 1976), as shown in Table 5. Erb et 
al. (1958) found 19.2% incidence of retained placentas in cows having at 
least one case of retained placenta. Erb et al. (1958) and Whitmore 
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et al. (1974a) found an increase in retained placenta incidence as parity 
increased. A higher incidence of retained placenta, 11.5%, was found by 
Erb et al. (1958) for the summer season, July through October, than 9.8% 
in other months. They did not find a significant difference in first 
service conception rate following the retention of fetal membranes. 
Oxender (1976) reported, in Table 6, that manual removal of retained 
placenta reduced subsequent conception. Oxender recommended treatment 
of retained placenta with antibiotics to prevent infections and allow 
the retained membrane to slough normally. Moller et al. (1967), in New 
Zealand, found a significant difference (P < 0.01) in conception with 
10.6% open cows after placenta retention and only 5.4% open cows without 
retention. This difference did not exist when retained placentas re-
ceived no medication, and following retained placentas, cows conceived 
more successfully if they did not receive medication. 
Table 5. Incidence of retained placenta as reported in the literature 
Source 
Erb~ al., 1958 
Johnson and Otterby, 1976 
Kelly and Holman, 1975 
Moller et al., 1967 
Morrow, 1970 
Pelissier, 1976 
Speicher and Kjome, 1976 
Trimberger, 1956 
Whitmore et al., 1974a 
Overall 
10.3 
8 
10 
1.96 
5 
10.8 
14.7 
8.5 
9.4 
Incidence (%) 
Parity 1 Parity 2 Parity 3 
5.4 7.8 8.7 
6 10 15 
14 
Table 6. First service conception rate following treatment for retained 
a placenta 
Treatment regime following retained placenta 
Manual removal Oxytetracycline intrauterine 
no 
yes 
no 
yes 
at 72 hours postpartum 
yes 
yes 
no 
no 
aBanerjee, 1963, as cited by Oxender (1976). 
First service 
conception rate 
70.0 
38.9 
50.0 
38.5 
Kelly and Holman (1975) reported that 219 cows having retained 
placentas subsequently had 17 more days open and required 0.3 more ser-
vices than 1,978 cows without retained placentas. Oxender (1976), 
also found a higher incidence of retained placentas associated with 
longer conception intervals. Whitmore et al. (1974a) found a 17% in-
cidence of retained placentas in a high genetic milk group when first 
parity records were excluded, which was significantly different (P < 0.05) 
from the 7% incidence in the low genetic milk group. Speicher and Kjome 
(1976), also found a significant relationship between a herd's milk pro-
duction level and the incidence of retained placentas, with lower produc-
ing herds identifying fewer retained placentas. 
Marion et al. (1968) stated that "retained placentas significantly 
lengthened the uterine regression interval". Pelissier (1972, 1976) 
found a significant negative relationship between retained placentas 
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and conception rate, and a positive relationship between retained pla-
centas and services per conception, but he emphasized that retained 
placentas were not the direct cause of reduced fertility. Retained 
placentas were indicators of immediate causes of reduced fertility, such 
as, metritis, vaginitis and other abnormal conditions. 
Abnormal parturitions 
Some investigators did not identify specific abnormalities, but 
grouped the problems together. Morrow (1969) and Morrow et al. (1966) 
classified a cow as abnormal if abortion, dystocia, retained placenta, 
metritis, milk fever, acute mastitis, ketosis or other debilitating 
diseases occurred during the first seven days postpartum. Abnormal cows 
were open 17 days longer, produced 946 pounds more milk and completed 
1.2 more lactations than normal cows. Morrow et al. (1966) concluded 
"that older, higher-producing cows have more disease problems at par-
turition than younger cows with lower production". Abnormal cows had 
longer postpartum intervals before normal ovarian activity and complete 
uterine involution. Morrow (1969, 1970) found cystic follicles occurred 
more frequently following abnormal parturitions than following normal 
ones. 
Buch et al. (1955) found a 22% incidence of abnormal parturitions 
"involving twins, retained placenta, dystocia, prolapse of the uterus, 
a dead calf or abortion between 150 and 240 days from the date of 
conception. " The 71 cows with abnormal calvings took five days 
longer to return to normal uterine involution than cows calving normally. 
16 
Oxender (1976) reported that retained placenta, hypocalcemia and calving 
difficulty delayed involution. 
Tennant et al. (1967) eliminated 6.8% of their records because cows 
had severe retained placentas or postpartum metritis. Brown et al. (1959) 
fotmd a 22% incidence of dystocia or retained placenta at calving, and 
observed that some abnormal cows needed no medication to recover. 
Morrow et al. (1966) stated that treatments of cows with retained placen-
tas and metritis were helpful in maintaining satisfactory conception 
intervals. 
Uterine involution 
Tennant and Peddicord (1968) concluded that only in extreme cases 
was uterine horn size, measured 30 to 50 days postpartum, a good indicator 
of subsequent fertility. Casida et al. (1968) found indications that high 
counts of infiltrating cells lowered fertility. Oxender (1976) reported, 
in Table 7, that metritis reduced the conception rate. 
Table 7. Conception rates in cows with metritisa 
Number Mean conceEtion rate {%) 
Diagnosis of cows Service 1 Service 2 or 3 
Normal 16 68.7 75.0 
Mild metritis 42 54.7 64.2 
Severe metritis 26 7.7 11.5 
aSchmidt, 1971, as cited by Oxender (1976). 
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Galton et al. (1976) found 39 to 40% abnormal involutions at 15 to 30 
days postpartum. These abnormalities reduced fertility measured in days 
open and services per conception, as shown in Table 8. 
Table 8. Fertility results of herd health program and uterine involu-
tionsa 
Days OE en Services Eer conceEtion 
Uterine Control Herd health Control Herd health 
involution group group group group 
Normal 130 86 2.19 1.45 
Abnormal 154 114 2.49 1.93 
aGalton et al. (1976). 
The significant differences between the control group and the herd health 
group will be discussed later. 
Many researchers (Buch et al., 1955; Casida et al., 1968; Marion 
et al., 1968; Moller, 1970; and Morrow et al., 1966) found primiparous 
cows completed involution sooner than pluriparous cows. Tennant et al. 
(1967) found no difference in the rate of involution in the first four 
parities, but he found larger uterine horn sizes in increasing parity at 
complete uterine involution 40 days postpartum. Morrow et al. (1966) and 
Lauderdale (1974) found complete involution 25 to 30 days postpartum. 
Buch et al. (1955) found completion of uterine involution did not occur 
18 
until 50 days postpartum. Involution occurred faster in the previously 
nonpregnant horn improving the probability of early pregnancy in the 
opposite horn (Casida et al., 1968; Foote and Peterson, 1968; Gier and 
Marion, 1968; and Morrow et al., 1967, 1968). Uterine involution was 
delayed by abnormal parturitions or secondary uterine infections (Buch 
et al., 1955; Casida et al., 1968; Gier and Marion, 1968; Marion et al., 
1968; Oxender, 1976; and Tennant and Peddicord, 1968). Uterine involution 
was independent of ovarian activity (Menge et al., 1962), especially 
independent of cystic follicles (Marion et al.; 1968; Morrow et al., 1966; 
and Wiltbank et al., 1953). Morrow (1969) found an association between 
pyrometra and persistent corpora lutea. 
Morrow et al. (1966) found season independent of uterine involution, 
but Marion et al. (1968) found heat stress greater than 38° C. increased 
the postpartum interval of uterine involution. The production level 
immediately after parturition did not influence uterine involution 
(Morrow et al., 1966), but Speicher and Kjome (1976) found significantly 
(P < 0.05) more metritis in high producting herds than in low producing 
herds. 
The incidence level of uterine grades were difficult to determine 
because the uterus was constantly changing. Tennant et al. (1967) found 
30 to 35% abnormal involutions at 10 to 20 days postpartum, in agreement 
with Galton et al. (1976). In examinations at 30 to 50 days postpartum, 
Tennant et al. (1967) found 2 to 5% abnormal involutions. ·Johnson and 
Otterby (1976) and Speicher and Kjome (1976) found 7% and 18% incidence 
of metritis. 
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Oxender (1976) did not recommend antibiotic treatment of all post-
partum cows, but reported that treating cows with metritis would improve 
conception rates. Galton et al. (1976), in Table 8, were very successful 
in routinely examining and treating cows on a herd health program. They 
found that cows on the herd health program had fewer days open and re-
quired fewer services per conception than cows in the control group re-
ceiving treatment for only gross abnormalities. 
Ovarian conditions 
Abnormal ovarian conditions, such as cystic follicles, persistent 
corpus luteum, lack of structures or luteinized follicles, occur fre-
quently, as reported in Table 9. The incidence of cystic follicles per 
lactation ranged from 5.1% (Johnson et al., 1966) to 16.4% (Menge et al., 
1962). Slightly higher values of 18.8% (Casida and Chapman, 1951) and 
20.0% (Wiltbank et al., 1953) of cows had cystic follicles at some time 
during their lifetime. The incidence of cystic corpus luteum ranged 
from 8.3% (Almquist et al., 1967) to 30.0% (Trimberger, 1956). The 
few reported incidence levels of no significant structures and luteinized 
follicles are shown in Table 9. 
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Table 9. Incidence of abnormal ovarian conditions reported in the liter-
ature 
Percent incidence per lactation 
Cystic Persistent No 
ovaries corpus significant Luteinized 
Source (follicles) luteum structures follicle 
Almquist et al. , 196 7 
Bierschwal, 1966 
Casida and Chapman, 
1951 
Hinze, 1959 
Johnson et al., 1966 
Marion and Gier, 1968 
Menge et al. , 1962 
Morrow, 1969 
Morrow, 1970 
Morrow et al. , 1966 
Tennant et al. , 196 7 
Trimberger, 1956 
Whitmore et al., 1974b 
Wiltbank et al., 1953 
12 
5.1 
11.6 
16.4 
8 
12.3 
10.8 
8.5 
11.2f 
11.3 
alncidence in subfertile heifers. 
blncidence of all types of cysts. 
12.8 
18d 
25.2 
30.0 
cl8.8% incidence of cystic ovaries per cow. 
dlncidence in cows that conceived. 
30e 
7.5 
e 30% incidence at 30 ± 7 days postpartum, down to 20% incidence at 
40 days postpartum. 
f20.0% incidence of cystic follicles per cow. 
Menge et al. (1962) found that the occurrence of cystic ovaries was 
associated with lowered conception rates (r = -0.16, P < 0.05). Henricson 
(1957) found that cows with cystic ovaries had longer calving intervals. 
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In a study of 250 clinically normal cows, Marion and Gier (1968) found 
that cystic follicles were "the most important factor correlated with 
lengthening intervals from parturition to first ovulation, estrus and 
conception". Trimberger (1956), Table 10, found that cows at first 
service following recovery from cystic follicles had significantly re-
duced conception rates. 
Table 10. Conception rates in cows bred during and following ovarian 
conditions a 
Estrus and ovarian condition 
Estrus after persistent corpus luteum 
Estrus after smooth nonfunctional ovaries 
Service after recovery from cystic ovaries 
aTrimberger (1956). 
bSignificantly reduced conception rate. 
Number of 
cows bred 
46 
15 
34 
Conception rate 
from one service 
65 
80b 
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Whitmore et al. (1974b) found 13 of 42 cows (31%) with cysts to be 
nonbreeders. Casida and Chapman (1951) culled only 9 of 64 cystic 
animals (14%), and 55 of the 64 animals "bore at least one calf after 
being cystic". Morrow et al. (1966) did not find cystic follicles sig-
nificantly influencing conception interval (P > 0.05) when cows open 60 
days after breeding were excluded. They also found no influence of cystic 
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corpus luteum on estrual cycle length or conception rates. Marion and 
Gier (1968) and McEntee (1958) found that cows with cystic corpus luteum 
did not have altered estrual cycle length. Among heifers with abnormal 
corpus luteum, Almquist et al. (1967) found no deviations from the normal 
range of cycle lengths, rates of ovum recovery, rates of fertilization or 
rates of embryo survival. However, the estrual periods and ovulations 
preceding the formation of the aberrant corpus luteum were abnormal. 
Consistent with this, Morrow et al. (1968) found that the corpus luteum 
of pregnancy regressed and did not affect subsequent activity. 
Cystic follicles were most frequent 15 to 45 days postpartum 
(Morrow et al., 1966; Whitmore et al., 1974b; and Wiltbank et al., 1953). 
Incidence of cystic follicles increased in later lactations, as shown 
in Table 11, but the incidence of cystic corpora lutea was not influenced 
by parity (Almquist et al., 1967 and Morrow et al., 1966). 
Table 11. Incidence of percent cystic follicles by parity and most 
frequent occurrence reported in the literature 
Source 
Whitmore et al., 
1974b 
Wiltbank et al., 
1953 
First 
parity 
5 
4.6 
Second 
parity 
16 
14.8 
Third 
parity 
16 
17.5 
Most frequent 
(days postpartum) 
15-45 
15-45 
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Casida and Chapman (1951) found no correlation between cystic 
ovaries and butterf~t production. Wiltbank et al. (1953) found no 
significant difference in the incidence of cystic ovaries in high (9.2%) 
and low (11.6%) milk production groups. Whitmore et al. (1974b) found 
no significant difference in the incidence of cystic ovaries between 
10% in a high genetic level of milk production group and 12% in a low 
genetic level group. Menge et al. (1962) found a genetic correlation 
of r = 0.22 between the incidence of cystic ovaries and milk production. 
Henricson (1957) found that cows with cystic ovaries had higher milk 
production. More specifically, Marion and Gier (1968) found that cows 
with cystic follicles produced 3.5 kg more daily milk than noncystic 
cows. Johnson et al. (1966) found a significant (P < 0.05) increase of 
495 kg of 305-day mature equivalent, days open adjusted milk from 74 
cows with cystic follicles compared to 1390 herdmates without cysts. 
They did not find significantly higher milk production from 49 cows with 
cystic follicles in the precystic lactation than production from 542 
herdmates. Johnson et al. (1966) concluded "that factors associated with 
the cystic condition are responsible for the increased milk production, 
rather than the high milk production being a cause of the follicular 
cysts". Marion and Gier (1968) found 13.4% incidence of follicular cysts 
in the fall and 8.6% incidence in the spring. They concluded that 
"seasonal stresses compound the effect of production stress as causes of 
follicular cysts". Reports on spontaneous recovery after the occurrence 
of cystic follicles varied. Bierschwal et al. (1975) diagnosed 16 Hol-
stein and 12 Guernsey cows with cystic follicles an average of 63 + 12 
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days postpartum. Only four cows were diagnosed cystic at less than 45 
days postpartum. He found a 21% recovery within one month of diagnosis. 
Marion and Gier (1968) found the majority of cystic follicles 15 to 45 
days postpartum and a spontaneous recovery rate of 76%. Thirty-five days 
was the average time that a follicle was cystic. Many researchers have 
reported high incidences of spontaneous recovery as shown in Table 12. 
Table 12. Incidence of spontaneous recovery from cystic follicle con-
ditions reported in the literature 
Number with Number recovering Percent 
Source cystic follicles spontaneously recovery 
Bierschwal et al., 1975 28 6 21 
Marion and Gier, 1968 29 22 76 
Morrow et al., 1966 50 
Whitmore et al. , 1974b 42 29 69 
Wil thank et al. , 1953 31 22 71 
Elmore et al. (1975) found that 28 of 41 cows with ovarian cysts (68%) 
conceived following treatment of 10,000 I.U. HCG (human chorionic gonado-
tropin). They also found that 33 of 43 cows with ovarian cysts (77%) 
conceived following teatment of 100 mcg GnRH (gonadotropin releasing 
hormone). Their work followed the work of Bierschwal et al. (1975) who 
found that 64 of 86 cows with cystic ovaries (74.4%) responded to three 
levels of GnRH treatment. Bierschwal (1966) found that 76 of 97 
Holstein cows with ovarian cysts (78.3%) conceived after one treatment 
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of 5000 I.U. HCG intraveneously. They further reported a 68% conception 
rate for Guernseys, where Guernseys had a 17% incidence of ovarian cysts. 
Some studies on ovarian treatment have not used the ultimate test of 
conception. Casida et al. (1944) and Seguin et al. (1976) found treatment 
of ovarian cysts with luteinizing hormone (LH), HCG or GnRH resulted in 
about 80% return to normal estrus within 31 days after treatment. Kittok 
et al. (1973) had all five cows with follicular cysts treated with three 
doses of 100 mcg GnRH at 120 minute intervals exhibit estrus 20 to 24 days 
after treatment. Ovarian treatment can return cows to estrus sooner than 
spontaneous recovery. However, conception should ultimately be the test 
of successful ovarian treatment. 
Embryonic mortality 
Hinze (1959) found 20.6% incidence of embryonic mortality from 9302 
fertilizations. The incidence of lost pregnancies was reported by 
Whitmore et al. (1974a) as 3.3% and Wiltbank et al. (1953) as 6.9%. 
Asdell (1968) estimated that the incidence of embryonic death between 
34 and 120 days postbreeding was 4%. Kidder et al. (1954) estimated that 
the incidence of embryonic death between three and 60 to 90 days was 16%. 
They also found that embryonic deaths made "substantial contributions to 
the differences in nonreturn between bulls". Ulberg and Burfening (1967) 
explained that 
the stress of a slight increase in temperature for a short 
period of time acting on either the spermatozoa before 
fertilization or on the ovum immediately after fertilization 
causes the resulting embryo to die some time later in its 
development. 
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Whitmore et al. (1974a) did not find a significant difference in the oc-
currence of lost pregnancies between genetic production groups. Menge 
et al. (1962) found a higher incidence of early embryonic deaths was 
correlated with the occurrence of cystic ovaries (r = 0.18, P < 0.05). 
However, Wiltbank et al. (1953) found no significant association between 
late embryonic death, lost pregnancies, and follicular cysts. 
Reproductive treatment 
Treatments of specific disorders have been discussed earlier under 
retained placenta, abnormal parturitions, uterine involution and ovarian 
conditions. Fuquay et al. (1975) have investigated routine postpartum 
treatments. They used 119 cows with no problems at parturition of five 
dairy breeds and randomly assigned the cows to two groups. In the treat-
ment group, 1000 mg of neomycin sulfate was administered to 57 cows ap-
proximately 24 hours postpartum. There were 62 control cows receiving 
no treatment. The intrauterine treatment group took significantly 
(P < 0.05) more services to conceive, 1.7 compared to 1.4, and the cows 
were open longer, 100.5 days compared to 88.5 days, than the control group. 
Fuquay recommended not routinely treating postpartum cows with intra-
uterine neomycin sulfate boluses. 
Conclusions of Literature Review 
Many factors related to fertility were used to explain the many 
measurements of fertility. The heritability of fertility was low 
implying only slow improvement by selecting for increased fertility. 
However, with the widespread use of artificial insemination, bull 
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selection based on the fertility of large numbers of daughters is theo-
retically possible. 
Phenotypic correlations between milk production and conception 
interval were slightly positive, but partial correlations were slightly 
negative. Fertility declined in older cows and during hot weather. 
Dystocia and retained placentas were incidental causes of lowered fer-
tility. Manual removal of placental membranes was more harmful than no 
treatment at all. Higher milk production levels were associated with 
greater incidences of retained placentas. Abnormal uterine involution 
reduced fertility but treatment of cows for metritis restored fertility. 
Normal uterine horn size increased with parity. Uterine involution was 
delayed by abnormal parturitions or secondary uterine infections while 
it was unaffected by the incidence of cystic follicles. Cystic follicles 
abnormally late in the breeding period were associated with reduced 
fertility. Estrus after cystic corpus luteum and smooth nonfunctional 
ovaries did not reduce fertility. Cystic follicles were most frequent 
15 to 45 days postpartum, in older cows, in the fall and winter seasons 
and in higher producing cows. Cystic follicles may be considered a 
safety mechanism to avoid additional stresses of conception and pregnancy. 
Ovarian treatment of HCG or GnRH can return cows to estrus following 
cystic follicles sooner than spontaneous recovery. Embryonic mortality 
lowered fertility. Routine treatment with intrauterine neomycin sulfate 
boluses did not increase fertility and was not recotmnended. 
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DESCRIPTION OF DATA 
Data were collected following 388 parturitions from May 1, 1968, 
to August 1, 1974, from 177 Holstein-Friesian cows in the Iowa State 
University dairy breeding research herd at Ankeny, Iowa. Open heifers 
were purchased in pairs from Iowa dairymen. One heifer of the pair had 
a high genetic potential and the other heifer had a low genetic poten-
tial. The genetic potential for milk production was estimated by 
breeding values where the breeding value of a heifer was the sum of 
the sire's Predicted Difference plus the dam's Estimated Average Trans-
mitting Ability. These open heifers were zero generation animals 
selected for high or low pedigree value. The high pedigree zero gen-
eration heifers were randomly bred to a high or average sire group. The 
low pedigree zero generation heifers were, also, randomly bred to a 
high or average sire group. The resulting nonzero generation offspring 
were bred to the same sire group that their dam was bred to. Thus, a 
2 2 factorial design was formed of high and low heifers and high and 
average sires. Results from zero generation females were logically 
separated into the high and low pedigree groups for comparison. 
Results from nonzero generation females were separated into the high and 
average sire groups for comparison. 
Common dairy reproductive management practices were followed, in-
cluding 30 ± 7 days postpartum rectal exams, artificial insemination at 
first heat after 50 days postpartum, rectal pregnancy exams 45 + 7 days 
post-breeding and additional examinations if the cow displayed abnormal 
symptoms. 
29 
Classification information of year-season and parity number, 
calving assistance and retained placenta were recorded at parturition. 
Data analyzed from rectal examinations included the number of ex-
aminations, 30 day uterine involution grade, 30 day ovarian condition and 
30 day reproductive treatment, diagnosis of fair and poor uterine grades, 
cystic follicles, cystic corpus luteum, luteal cysts, nonsignificant 
structures, manual or hormonal ovarian treatment, systemic or l ocal 
uterine treatment and pregnancy or embryonic death. The number of times 
bred and days open were calculated from weekly reports based on actual 
breedings. The difference from herdmates milk production was computed 
from DHIA records. 
Subsequent parturition was the ultimate test of successful concep-
tion. A 279 day gestation length was used to determi ne the appropriate 
actual service date for calculation of the conception interval. Cows 
without a subsequent parturition were included in the data set if they 
were removed from the herd because of reproductive di sorders. The last 
lactation of cows sold for nonreproductive disorders was excluded. 
The open cows, 13% of the lactations in the data set , were arbitrarily 
assigned the maximum 308 day conception interval. The 308 days were 
chosen to represent 3 days of colostrum and a 305 day lactation. Nine 
cows conceiving at intervals of 310, 312, 317, 318, 334, 383, 426, 525 
and 554 days open were also assigned the maximum conception interval of 
308 days. Two cows conceiving earlier than 50 days postpartum were 
assigned their actual conception intervals of 24 and 46 days rather 
than a minimum of 50 days. 
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Classification Information 
The date of parturition identified the year-season of the entire 
record. Thirteen year-seasons encompassed all parturitions. Year-
seasons 1, 3, 5, 7, 9, 11 and 13 represented the seven five-month 
summer seasons from May through September of the years 1968 through 
1974. Year-seasons 2, 4, 6, 8, 10 and 12 represented the intervening 
winter seasons. The incidence and distri bution of records per year-
season and parity are shown in Table 13. 
Table 13. Incidence and distribution of records forclassification 
information 
Par it 
Year-season 1 2 3 4 or more Total 
1 Summer '68 7 0 0 0 7 
2 Winter '68 8 0 0 0 8 
3 Summer '69 10 6 0 0 16 
4 Winter '69 23 7 0 0 30 
5 Summer '70 6 11 5 0 22 
6 Winter '70 13 17 8 0 38 
7 Summer '71 8 5 9 4 26 
8 Winter '71 11 12 10 4 37 
9 Summer '72 10 5 4 10 29 
10 Winter '72 21 9 8 12 50 
11 Summer '73 17 10 4 6 37 
12 Winter '73 29 16 8 14 67 
13 Summer '74 11 4 4 2 21 
Total 174 102 60 52 388 
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No unfreshened heifers were included in this study eliminating zero 
parities. Fourthparity included all fourth and later lactations. 
Abnormal Parturitions 
Calving assistance 
There were four categories of calving assistance: (1) no assis-
tance; (2) manual assistance; (3) obstetrical chains with moderate 
pull and (4) obstetrical chains with extreme force required. Three 
cows' records were removed from the data set because the cows calved 
abnormally. Two calved by Caesarian section, and one underwent an 
embryotomy. The incidence of calving assistance used for analysis is 
shown in Table 14. 
Table 14. Incidence of calving assistance 
Calving assistance Incidence % of total 
No assistance 211 54 
Manual assistance 45 12 
Moderate assistance 112 29 
Extreme assistance 20 5 
Total 388 100 
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Retained placenta 
The occurrence or nonoccurrence of retained placenta was a bi-
nomial variable. If the placenta was delivered with no assistance within 
24 hours postpartum, it was considered normal and coded 1. Abnormal 
cases coded 2 received assistance including eight attempts of manual 
removal, four rectal massages, 12 medication only treatments, or 
various combinations of these. Twelve cows without retained placenta 
were treated, six with medication and six with unreported types of 
treatment. The incidence of retained placenta was 9%. 
Rectal Examinations 
Composite variables of uterine involution grade, ovarian condition 
and reproductive treatment were specific for the 30 day exams. Bi-
nomial variables such as the occurrence or nonoccurrence of embryonic 
deaths, cystic follicles, cystic corpus luteum, luteal cysts, non-
significant structures, ovarian treatment and uterine treatment were 
calculated on a per lactation basis with the occurrence of at least one 
abnormal case being coded one. Conversely, the nonoccurrence of a 
binomial trait at the conclusion of the lactation was coded zero. 
Uterine involution grades 
Uterine involution grades were (1) good, (2) fair and (3) poor, 
diagnosed by rectal palpation of the cervix and uterine horns. A good 
grade represented a normally involuted uterus less than four centimeters 
in diameter. A fair uterus was between four and six centimeters in 
diameter. A poorly involuted uterus was generally large and infected. 
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The diagnosis of uterine involution grades at the 30 day postpartum 
exam included 308 goods, 71 fairs and nine poors. The incidence of a 
poor grade at any rectal exam during a lactation was 5%, and it was 26% 
for a fair grade. Good uterine involution grades were not summarized on 
a lactation basis. 
Ovarian condition 
The ovarian activity of both the right and left ovaries was re-
corded, as shown in Table 15. Normal activity, coded 1, referred to a 
Table 15. Ovarian activity at the 30 day postpartum exam on the 
left and right ovaries 
Ovarian activitya Left ovary Right ovary Total 
Corpus luteum 108 146 254 
Follicle 139 174 313 
Cystic follicle 7 17 24 
Cystic corpus luteum 4 3 7 or luteal cyst 
No significant structure 169 111 280 
Ovulation depression 4 6 10 
Cystic nonspecific 1 2 3 
aTwo activities could have been recorded for each ovary. 
follicle, corpus luteum or ovulation depression on at least one ovary 
with neither ovary cystic. The second ovarian category, coded 2, was 
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no significant structure on either ovary . The third ovarian category, 
coded 3, was a cystic structure on at least one ovary. The diagnosis 
of ovarian activity at the 30 day exam was 334 normal, 22 no significant 
structure and 32 cows with at least one cystic ovary. Binomial variables 
were used to determine the incidence of cystic follicles, 12%; cystic 
corpus luteum, 4%; luteal cysts, 2%; and nonsignificant structures, 14%, 
per lactation. Two cows with poor uteruses were assumed to have no 
significant structure when their ovaries could not be palpated. 
Reproductive treatment 
Reproductive treatment at the 30 day postpartum exam was reported 
if hormonal or manual ovarian treatment, or systemic or local uterine 
treatment occurred. Twenty-two percent of the lactations had 30 day 
reproductive treatment. Additional binomial variables were used to 
determine the incidence of hormonal ovarian treatment, 10%; manual 
ovarian treatment, 2%; systemic uterine treatment, 5%; and local 
uterine treatment, 16%, per lactation. 
Embryonic mortality 
The 4% incidence of embryonic deaths was a mi nimum, because 
pregnancy was not diagnosed until the 45 ± 7 day rectal pregnancy exam. 
An additional rectal exam was then needed to confirm t he embryonic 
death. Eight of the 15 cows having an embryonic death were bred to 
only one bull for an average of 5.6 services, as shown in Table 16. 
Half of these eight cows reconceived and half did not. Three of the 
seven cows bred to more than one bull reconceived. These seven cows had 
an average of 5.3 services per cow. 
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Table 16. Services per bull and days carried embryo for cows having 
embryonic deaths 
Times bred Days Times bred Days 
Services before carried after carried Days 
per cow embryonic death embryo embryonic death embryo open 
5 3 40 2 term 248 
6 3 40 3 term 225 
2 1 40-150 1 term 230 
6 2 40 4 term 285 
5 1 40-120 4 open 308 
11 2 60 9 open 308 
8 7 40 la open 308 
2 2 60 0 open 308 
Ave. 5.6 services per cow 
5-lb 1 <180 4 90c 525 
2-1 2 50-120 1 term 215 
2-2-1 3 50 2 term 310 
4-1 4 40 la open 308 
1-3-1 1 40-120 4 40-80d 308 
6-1 4 40 3 sod 308 
3-3 3 40-120 3 open 308 
Ave. 5.3 services per cow 
a Cow sold before diagnosis of pregnancy. 
bThe first five services to one bull and then one service to a dif-
ferent bull, the one service is included in the four times bred 
after embryonic death. 
cTwo embryonic deaths, cow rebred and conceived. 
d Two embryonic deaths, cow not rebred. 
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Reproductive examinations 
The number of reproductive examinations was determined between a 
minimum of two, the 30 day postpartum exam and the 45 day post-breeding 
exam, and a maximum of nine rectal exams. The incidence of reproductive 
exams is shown in Table 17. 
Table 17. Incidence of reproductive examinations 
Reproductive exams Number of Observations % of total 
2 or less 74 19 
3 43 11 
4 56 14 
5 57 15 
6 31 8 
7 29 7 
8 12 3 
9 or more 86 22 
Total 388 99 
Times bred 
Times bred was the total number of artificial inseminations during 
the lactation. The incidence of times bred is shown in Table 18. 
For the 87% of the records where the cows conceived, times bred was 
the same as services per conception. 
Six records were included in the study although the cows were not 
bred. No cow was bred until the attending veterinarian found her uterus 
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to be good. These unbred cows were exa~ined at least six times with four 
cows examined nine or more times . . Two cows had severe calving difficulty, 
and one had a retained placenta. All six cows had a poor reproductive 
tract during their records. Five cows received local uterine treatment 
and three cows received systemic uterine treatment. Four of the six re-
productive tracts were poor at the 30 day postpartum exam, while five of 
the six cows were treated. At 30 days, three cows had no significant 
structure and one cow had cystic ovaries. Five of the six cows' milk 
production records were below herdmates. 
Table 18. Incidence of times bred 
Times bred Number of observations % of Total 
0 6 2 
1 142 37 
2 81 21 
3 69 18 
4 26 7 
5 25 6 
6 or more 39 10 
Total 388 101 
Production 
The difference from herdmates milk production was taken from the 
monthly individual cow report (DHIA-200) in the month the cow completed 
her 305 day record. The difference was made on a mature equivalent 305 
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day basis of all cows in the herd and rounded to the nearest ten pounds. 
Health traits 
The health traits, chiefly recorded by the herdsman, were in five 
major categories; general, digestive, respiratory, skin or skeleton and 
mammary. General includes sickness at calving, treatment of the sick-
ness, uterine horn of the previous pregnancy from the 30 day postpartum 
exam, reproductive treatment before 30 days postpartum, observed minimal 
cases of standing heat before 30 days postpartum, and uterine horn of 
the current pregnancy from the pregnancy exam. For digestive or res-
piratory disorders, the number of examinations indicated veterinary 
exams. Preventative treatment for worms, lice and dehorning were not 
included in the digestive or skin or skeleton disorders totals. There-
fore, the totals only included conditions of the animals indicating 
treatment and not preventative treatment. All mammary disorders, except 
months of mastitis, were observed by the herdsman at calving. The 
treatment by the milker of a cow for mastitis during a month was counted 
as at least one case of mastitis for the month. A cow could theoretically 
have had as many months of mastitis as she had months of production. 
Conditions affecting records, as coded on complete lactation production 
records (card 10), were determined after the completion of the lacta-
tion as the most serious disorder affecting the production record. 
Table 44, in the Appendix, contains the location in the dairy breeding 
research file of the information used in this study. Table 45, in the 
Appendix, contains the changes made in the coding of the reproductive 
traits from the information recorded in the dairy breeding research file. 
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METHODS AND PROCEDURES 
Reproductive Models 
Several least squares analyses were conducted. The general model for 
the analyses was Y xa + e, where y was a vector of observations of the 
dependent variables, either conception interval (CI), conception rate 
(RATE) or deviation from herdmates milk production (MILK); X was a known 
fixed design matrix of the reproductive traits; B was an unknown vector 
of fixed effects; e was a nonobservable vector of random errors with 
mean zero and variance-covariance matrix Icr2 • The sum of the S's for 
each independent reproductive trait was set to zero to provide a cor-
responding X'X matrix of full rank . The B's were estimated as (X'X)- 1X'Y. 
X was partitioned such that X = (X1 , x2 , x3). B' was partitioned with 
the same dimensions as x such that B' = <Bi, Bi, Sj) and making 
(X1 , X2 , x3)*(Si, Sz, Bj)' conformable for multiplication. Table 19 
shows the abbreviations and levels of the seven traits and mean defined 
as xl, the 13 traits defined as x2 , the covariate deviation milk defined 
as x3 and conception interval and conception rate. 
The following models were defined for least squares analysis: 
CI = x1a1 + x2a2 + X3S3 + e (Model 1) 
RATE x1a1 + x2a2 + x3a3 + e (Model 2) 
CI = x1a1 + e (Model 3) 
RATE = x1a1 + e (Model 4) 
CI = x1a1 + x2a2 + e (Model 5) 
RATE = x1B1 + x2a2 + e (Model 6) 
MILK = x1a1 + x2a2 + e (Model 7) 
40 
Table 19. Abbreviations and levels of the reproductive traits 
x Traits 
Mean 
Lactation number 
Calving assistance 
Retained placenta 
30 day reproductive treatment 
30 day ovarian condition 
30 day uterine involution grade 
Embryonic death 
Year-season 
Cystic follicle 
Cystic corpus luteurn 
Luteal cysts 
No significant structure 
Hormonal ovarian treatment 
Manual ovarian treatment 
Systemic uterine trea tment 
Local uterine treatment 
Poor uterine involution grade 
Fair uterine involution grade 
Reproductive examinations 
Times bred 
Deviation milk production 
Conception interval 
Conception rate 
Abbreviation Levels 
ll 1 
PARITY 4 
CALF A 4 
RETPL 2 
TRT-30 2 
OVARY 3 
GRADE 3 
EMB 2 
RYS 13 
CYSTF 2 
CYST CL 2 
LCYST 2 
NSS 2 
OVTH 2 
OVTM 2 
UTS 2 
UTL 2 
POOR 2 
FAIR 2 
EXAM 8 
BRED 7 
MILK continuous 
CI 
RATE 
continuous 
continuous 
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Model 1 and Model 2 were the most complete models used to explain 
variation in conception interval and conception rate. Model 3 and 
Model 4 included reproductive information known at 30 days postpartum 
and the limited number of cases of embryonic death to explain variation 
in conception interval and conception rate. Model 7 was investigated 
to determine the effect of reproductive traits on deviation milk pro-
duction. Model 5 and Model 6 displayed the effect of the same reproduc-
tive traits as in Model 7 on conception interval and conception rate. 
The variation associated with the fixed effects was calculated by 
equating the mean squares from the analysis of variance to the expected 
mean squares. Coefficients (k) of the mean squares were calculated 
using the unequal subclass frequency procedure (Harvey, 1975). The 
negative variation associated with the fixed effects was assumed to be 
zero in calculating the total variance. The percent of total variance 
was defined as the variance associated with an effect divided by the 
total variance time 100%. The percent of the total variance associated 
with the covariate MILK was calculated as 100% times the square of 
the residual correlation of MILK and CI or MILK and RATE after adjusting 
for all other traits in the model from Table 30 in the results. 
Repeatabilities 
Repeatabilities were estimated from intraclass correlations using 
the mixed model Y = XB + Za + e (Model 8), where Y was a vector of ob-
servations of the reproductive traits; X was a known fixed design matrix; 
B was an unknown vector of fixed effects representing the mean and 13 
year-seasons, Z was a known design matrix; a was a nonobservable vector 
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of random variables, cows, with mean zero and variance-covariance matrix 
Icr2 ; and e was a nonobservable random vector of errors with mean zero and 
c 
variance-covariance matrix Icr2 • Repeatability equaled 100% times the 
Correlations 
Product moment correlations were used to estimate the phenotypic 
correlations among the reproductive traits, r .. = & . . !&.& .. The cor-
1J 1J 1 J 
relation of the i-th and j-th traits was the covariance of the i-th and 
j-th traits divided by the standard deviations of the i-th and j-th traits. 
Residual correlations were calculated from Model 8 ignoring cows. 
Principal Components 
The residual correlations, calculated after adjusting for year-
seasons, shown in results section, Table 29, were used to compute eigen-
values and eigenvectors. The eigenvalues were standardized by 
dividing by the trace of the residual correlation matrix, 19 in this case. 
The standardized eigenvalue times 100% was defined as the percent of 
the total variance. The elements of the e i genvector associated with 
the largest percent of the total variance were defined as the coefficients 
of the first principal component. The second and third principal compo-
nent coefficients were the eigenvectors associated with the second and 
third largest percents of the total variance. 
Genetic Groups 
To find the significance of dam and sire groups on conception inter-
val, conception rate and deviation milk with nonzero generation females 
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the following model was used 
Yijk = dami + sirej +(dam*sire)ij + errorijk (Model 9) 
where Yijk was the dependent variables; conception interval, conception 
rate and deviation milk, dami was high or low pedigree groups, sirej was 
hi gh or average sire groups, (dam*sire) . . was an interaction of the dam 
1J 
and sire groups and error . . k was random error. Year-season was not fit 
1J 
in Model 9 because nonzero generation females had records in only two 
or three years of this study, most cows were confounded with season, and 
year-season did not account for a significant proportion of the varia-
tion of any of the independent traits in earlier models. In general, the 
genetic groups were balanced across year-seasons. The means of the repro-
ductive traits and standard errors of the means were determined for 
zero generation pedigree groups and nonzero generation sire groups. The 
number of observations by genetic groups for nonb i nomial reproductive 
traits was calculated to supplement the means as an indication of the 
incidences of these traits. The number of observations for health traits 
by genetic groups was calculated to determine if differences for health 
traits exist among genetic groups. The average conception interval, con-
ception rate, and deviation milk was calculated for the conditions af-
fecting production records. 
Test of Significance 
Normality is an underlying assumption for the F and t tests, and 
confidence intervals. The significance of the effects in Models 1 through 
7 and 9 was tested by forming F-ratios where F(d1 , d2) was the ratio of 
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the mean square of the effect divided by the mean square error, d1 was 
the effect degrees of freedom and d2 was the error degrees of freedom. 
The magnitude of the variation associated with the fixed effect was 
generally proportional to the F-ratio of the effect. In Model 1, if an 
F was significantly larger than one, then a student's t-test was performed 
to test the differences between levels of the signi ficant traits: 
11 . l - L.2 1 
l. J 
where td was student's t-test with the degrees of freedom used in calcu-
lating the estimate of the error variance (cr 2), Lil and Lj 2 were least 
ii .. 
squares means of different levels, a and aJJ were the diagonal inverse 
elements of level i and level j, and aij was the inverse element of the 
ij off-diagonal. Correlations were tested by a t-test, where 
td "" r . . V d/ (1 - ri2 .) \ 
l.J J 
and d was the degrees of freedom of the correlation r .. , (n - 2) for 
l.J 
phenotypic correlations and (n - q - 2) for the residual correlations. 
Confidence limits were obtained for the principal components from the 
following formula from Morrison (1976) 
where ii was the estimate of the i-th principal component, a was 0.05 
probability level, Z~ was the standard normal deviate, 1.96, d was the 
degrees of freedom of the residual correlations matrix, 373, and Ai was 
the parameter that the 95% confidence interval encompassed. 
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Standard error of repeatabili~y 
The standard error of repeatability was calculated using the square 
root of the approximate formula for a variance of an intraclass correla-
tion given by Swiger et al. (1964) 
V(8) ~ _2(N-l) (1-8) 2 (1 + [k-1]8) 2 
k 2 (N-S)(S-l) 
where 8 was &2ic&2 +&2> 
c c ' 
N was the total degrees of freedom after 
ing for the fixed effects, s was the number of cows and k was 
(S-l)- 1 (N - Ln7/N), where n. was the number of lactations of the 
]. ]. 
cow. The variance of an intraclass correlation was based on the 
of a ratio and variance of a mean square. 
Genetic group differences 
adjust-
i-th 
variance 
A student's t-test was used to evaluate mean differences of pedigree 
and sire groups. The sum of the variances of the means was used as the 
variance of the mean difference. A chi-square adjusting for unequal 
replicates was used with the health traits to test differences between 
genetic groups (Snedecor and Cochran, 1967). The formula was 
x2 = (La.p. - pLa.)/(pq) where a. was the number of observations of a 
]. ]. ]. ]. 
trait in the i-th group, p. was a. divided by the total observations of 
]. ]. 
the i-th group, p was the overall proportions and q was 1 - p. A chi-
square corrected for continuity (Cochran and Cox, 1957) was used to test 
genetic differences in the maximum number of observations and in the 
number disposed. The formula was X2 = (a - a - 1) 2 /(a + a 2) where c 1 2 1 
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a1 and a 2 were the observations of the two groups being compared. This 
chi-square tests equal replicates and assumes one degree of freedom. 
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RESULTS AND DISCUSSION 
The average conception interval for all cows was 146 days, or 
122 days excluding 49 open cows. The overall conception rate was 87% . 
The average cow was bred 2.5 times or, excluding open cows, 2.3 services 
per conception. The first service conception rate was 36%, or 41% ex-
cluding open cows . Fifty-six percent of all cows conceived with two or 
fewer services, and 72% of all cows conceived with three or fewer ser-
vices. The average cow had two lactations with five reproductive 
exams each lactation. On a mature equivalent basis, the 14,940 pounds 
average milk production of the 388 records in this study averaged 700 
pounds more than the herdmates not in this study. These herdmate records 
included the records of old twin project cows and the terminal records 
of cows leaving the herd for nonreproductive disorders. The means, 
incidence levels for binomial traits, standard deviations, minimum 
values and maximum values for the reproductive traits are given in 
Table 20. The 1.09 mean of retained placenta (RETPL) coded 1 or 2, 
means that there was an average 9% incidence of retained placentas. The 
minimum and maximum values in Table 20 indicate the scoring range. The 
other binomial traits had similar interpretations with the means in-
dicating the incidence of the traits. The nonbinomial traits' means 
were not quite as useful. Observations per each level of the non-
binomial traits were given earlier in the description of data section. 
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Table 20. Simple statistics of mean, standard deviation, 
minimum value and maximum value of the repro-
ductive traitsa 
Standard Minimum Maximum 
Variable Mean deviation value value 
Clb 145.57 86.19 24 308 
RATEc 87.37 33.26 0 100 
MILKd 70.18 302.64 -1232 853 
PARITY 1.97 1.07 1 4 
CALF A 1.85 1.01 1 4 
RETPLe 1.09 0.28 1 2 
TRT-30e 0.22 0.41 0 1 
OVARY 1.22 0.58 1 3 
GRADE 1.23 0.47 1 3 
EMBe 0.04 0.19 0 1 
HYS 8.38 3.21 1 13 
CYSTFe 0.12 0.32 0 1 
CYSTCLe 0.04 0.20 0 1 
LCYSTe 0.02 0.12 0 1 
NSSe 0.14 0.35 0 1 
OVTHe 0.10 0.30 0 1 
OVTMe 0.02 0.12 0 1 
UTSe 0.05 0.22 0 1 
UTLe 0.16 0.36 0 1 
POORe 0.05 0.22 0 1 
FAIRe 0.26 0.44 0 1 
EXAM 5.27 2.54 2 9 
BRED 2.51 1.68 0 6 
a388 observations. 
b Days. 
cPercent. 
d Ten pound units. 
eBinomial. 
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Reproductive Models 
Model 1 and Model 2 
As shown in Table 21, the traits of Model 1 and Model 2 accounted 
for 75% and 71% of the variation in conception interval and conception 
rate, respectively. Times bred (BRED) accounted for 27% of the varia-
tion in conception interval, but only 5% of the variation in conception 
rate. Conversely, luteal cysts (LCYST) accounted for 9% of the varia-
tion in conception interval and 26% of the variation in conception rate. 
Times bred was more useful in explaining the time measurement, and the 
occurrence of luteal cysts was more useful in explaining successful 
conception. Embryonic deaths (EMB) and 30 day uterine involution grades 
(GRADE) accounted for similar proportions of the variation in both 
models. Embryonic deaths explained 16% of the variation in conception 
interval and 15% of the variation in conception rate, and 30 day uterine 
involution grades explained 7% of the variation in conception interval 
and 5% of the variation in conception rate. Another useful time measure-
ment was reproductive examinations (EXAM) that accounted for 10% of the 
variation in conception interval. The five traits: BRED, EMB, EXAM, 
LCYST and GRADE explained 69% of the variation in conception interval. 
Poor uterine involution grades (POOR) and deviation milk production 
(MILK) were more useful than the number of reproductive examinations in 
explaining the variation in conception rate. The direct effect of the 
six traits: LCYST, EMB, POOR, MILK, GRADE and BRED explained 67% of the 
variation in conception rate. 
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Table 21. Analysis of variance for conception interval and conception 
rate, Model 1 and Model 2 
--·-- -- --------
ConceEtion interval(Model 1) ConceEtio~ rate(Model 2) 
Variation Variation 
Source d.f. k M.S. Est. % total M.S. Est. % total 
PARITY 3 71 1645 0 0.0067 -0.0008 
CALF A 3 64 278 -21 o.12nt 0.0010 0 
RETPL 1 46 1074 -13 0.0053 -0.0013 
TRT-30 1 69 1332 - 5 0.0013 -0.0009 
OVARY 2 34 3462*** 53 1 0.0676 0.0001 0 
GRADE 2 30 16338 497 7 0.4049** o. 0116 5 
EMB 1 22 25553*** 1065 16 o. 7917*** 0.0325 15 
HYS 12 25 2774 t 46 1 0.0546 -0.0003 
CYSTF 1 51 355 -26 0.0608 0.0000 0 
CYST CL 1 24 3752 88 1 0.0216 -0.0017 
LCYST 1 9 6771* 593 9 o. 553g** 0.0568 26 
NSS 1 57 5732t 71 1 0.0647 0.0000 0 
OVTH 1 52 605 -20 0.1444 0.0016 1 
OVTM 1 9 311 -156 0.0000 -0.0073 
UTS 1 30 2883 45 1 0.1879t 0.0045 2 
UTL 1 68 520 -16 0.0000 -0.0009 
POOR 1 18 2223 32 0 o. 4306** 0.0201 9 
FAIR 1 72 2656 14 0 0.1447 0.0011 0 
EXAM 7 36 26586*** 691 10 0.148o* 0.0024 1 
BRED 6 38 70591** 1803 27 0. 4665*** 0.0106 5 
MILK 1 7201* 67 1 1. 6991*** 0.0154 7 
Error 338 1646 1646 25 0.0629 0.0629 29 
Multiple correlation coefficient 75 71 
tp < 0.10. 
*p < 0.05. 
**p < 0.01. 
***p < 0. 001. 
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The degrees of freedom (d . f.), coefficient of mean squares (k), 
mean squares (M . S . ) , significance levels, estimated variation and the 
percent of the total positive variation for all traits in Model 1 and 
Model 2 are given in Table 21. Frequencies, least squares constants 
and standard errors for Model 1 and Model 2 are given in Table 22. 
Times bred The cows bred zero times, assigned 308 days open, 
did not have signi ficantly (P > 0.05) longer conception intervals than 
cows bred three or more times, although cows bred zero times obviously 
had a significantl y (P < 0.05) lower conception rate than cows bred 
four or less times. Cows bred five times had 104 days longer concep-
tion intervals than cows bred only once. The conception rate of cows 
bred five times was 13% lower than the conception rate of cows bred only 
once but the difference was not significant (P > 0.05). Cows bred six 
or more times had a 22% lower conception rate than cows bred five times. 
Luteal cysts The cows with luteal cysts had 40 days shorter 
conception intervals and 36% higher conception rates than cows without 
luteal cysts . One explanation was that luteal cysts indicated a return 
to normal ovarian activity following a cystic follicle condition. 
Embryonic mor tality The cows experiencing embryonic deaths 
had 48 days longer conception intervals and 26% lower conception rates 
than cows not having embryonic deaths. Embryonic deaths might indicate 
cows culled for excessively long conception intervals and consequently 
low conception rat es. 
Thirty day uterine involution grades There was no significant 
(P > 0.05) difference between good and fair 30 day uterine involution 
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Table 22. Frequencies, least squares constants and standard errors for 
conception interval and conception rate, Model 1 and Model 2 
Number 
Level or of Model 1 (days) Model 2 (%) 
Source occurrence obs. L.S. constants S.E. L.S. constants S.E. 
µ 388 204 17 64 11 
PARITY first 174 -6 17 1 11 
second 102 -1 18 -1 11 
third 60 5 18 1 11 
fourth or more 52 2 18 -1 11 
CALF A 211 2 17 
al 
10 none -5 
manual 45 2 18 _2ab 11 
moderate 112 -1 17 -Sa 11 
extreme 20 -3 20 12b 12 
RETPL no 354 3 16 -1 10 
yes 34 -3 19 1 12 
TRTA-30 no 304 -3 17 0 11 
OVARY 
GRADE 
EMB 
HYS 
yes 84 3 18 0 11 
normal 334 9 17 -3 11 
nss 22 -2 19 -2 12 
cystic 32 -7 19 5 12 
good 308 -25a 18 14a 11 
fair 71 -3la 19 14a 12 
poor 9 56b 22 -28b 13 
no 373 -24a 15 13a 10 
yes 15 24b 21 -13b 13 
summer '68 7 -13 24 3 15 
winter '68 8 -1 23 3 14 
summer '69 16 0 19 -4 12 
winter '69 30 -6 19 7 11 
summer '70 22 -3 19 -2 12 
winter '70 38 10 19 -7 12 
1The difference between two levels within a source is significantly 
different (P < 0.05) if the levels do not have at least one letter 
in common. 
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Table 22. Continued 
Number 
Level or of Model 1 (dals) Model 2 (%) 
Source occurrence obs. L.S. constants S.E. L.S. constants S.E. 
HYS sullllller '71 26 -15 18 5 11 
winter '71 37 -14 19 0 12 
summer '72 29 1 19 -7 12 
winter '72 50 4 18 1 11 
SUllllller '73 37 8 19 -4 12 
winter '73 67 7 17 3 10 
sullllller '74 21 23 20 1 12 
CYSTF no 343 -2 17 2 11 
yes 45 2 18 -2 11 
CYST CL no 372 -9 16 -2 10 
yes 16 9 20 2 12 
LCYST no 382 20a 16 -188 10 
yes 6 -20b 23 18b 14 
NSS no 334 7 18 -2 11 
yes 54 -7 18 2 11 
OVTH no 348 -2 18 4 11 
yes 40 2 18 -4 11 
OVTM no 382 4 16 0 10 
yes 6 -4 23 0 14 
UTS no 368 -7 16 6 10 
yes 20 7 20 -6 12 
UTL no 327 2 17 0 11 
yes 61 -2 18 0 11 
POOR no 369 -8 18 lla 11 
yes 19 8 19 -llb 12 
Table 22. Continued 
Source 
FAIR 
EXAM 
BRED 
MILK 2 
no 
Level or 
occurrence 
yes 
2 or less 
3 
4 
5 
6 
7 
8 
9 or more 
0 
1 
2 
3 
4 
5 
6 or more 
linear 
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Number 
of Model 1 (days) 
obs. L.S . constants S.E. 
289 4 18 
99 -4 18 
74 -40a 20 
43 -29ab 20 
56 -15bc 19 
57 -8c 19 
31 -15bc 20 
29 30d 19 
12 26de 18 
86 51e 16 
6 28ade 25 
142 -65b 17 
81 -47c 18 
69 -12a 19 
26 -15a 20 
25 39d 19 
39 73e 18 
-0.16 0.08 
Model 2 (%) 
L.S. constants S.E. 
-3 11 
3 11 
6a 12 
2ac 12 
1ac 12 
7a 11 
6a 12 
-13b 12 
_2abc 11 
_8bc 10 
-20ab 16 
12c 11 
12c 11 
9c 11 
llc 12 
_1ac 12 
-23b 11 
0.24 0.05 
2 Units of regression are days per cwt and% per cwt. 
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grades but poor 30 day uterine involution grades had 81 days longer con-
ception intervals and 42% lower conception rates than good 30 day uterine 
involution grades. A poor uterine involution grade at 30 days postpartum 
was a very good indication of lower subsequent fertility. 
Reproductive examinations Cows with two or less reproductive 
exams had 91 days shorter conception intervals and 14% higher conception 
rates than cows with nine or more reproductive exams. Cows with three 
reproductive exams had a significant (P < 0.05) 55 days shorter concep-
tion interval and a nonsignificant (P > 0.05) 4% higher conception rate 
than cows with eight reproductive exams. More reproductive exams indi-
cated a cow was still open but reproductive examinations did not lower 
conception rate. Determining the uterine involution grade or ovarian 
condition by rectal palpation did not reduce conception. The veterinar-
ians and students who palpated cows at the Ankeny dairy farm did not 
reduce the conception rate. 
Poor uterine involution grades Cows that had poor uterine invo-
lution grades at any time during the lactation had 22% lower conception 
rates than cows not having poor uterine involution grades. 
Production A hundredweight increase in deviation milk pro-
duction was accompanied by a significant (P < 0.05) increase of 0.24% in 
conception rate and a 0.16 day reduction in conception interval. The 
increased fertility was a result of open infertile cows giving less 
milk than pregnant cows. If open cows were excluded and Model 1 was 
applied to a reduced data set of 339 records in which the cow conceived 
during the lactation then a hundredweight increase in deviation milk 
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production was associated with a significant (P < 0.05) 0.15 day increase 
in conception interval. 
Calving assistance Using the complete data set, exteme calving 
difficulty significantly (P < 0.05) increased conception rate 17% more 
than no calving assistance. The cows having extreme calving difficulty 
were pinpointed as potential problem cows and consequently they received 
extra attention from the herdsman. However, there were no significant 
differences in conception interval between levels of calving assistance. 
Cystic corpus luteum Cows with cystic corpus luteum (CYSTCL) 
tended to have 18 days longer conception intervals than cows without 
cystic corpus luteum. In the reduced data set of 339 pregnant lactations, 
a 16 day longer conception interval for cows with cystic corpus luteum 
was significantly (P < 0.10) different. 
Summary of Model 1:. and Model 2 More breedings, embryonic deaths, 
poor uterine involution grades and more reproductive exams were associ-
ated with longer conception intervals. The occurrence of luteal cysts 
was associated with shorter conception intervals. Longer conception 
intervals and lower conception rates associated with open infertile cows 
were associated with lower milk production. 
Model 3 and Model 4 
The effects of Model 3 and Model 4, as shown in Table 23, accounted 
for 68% of the variation in conception interval but accounted for only 
22% of the variation in conception rate. The variation accounted for by 
each trait was estimated for Model 3. Embryonic deaths (EMB) accounted 
for 57% of the variation in conception interval. Embryonic death was 
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the only trait in Model 3 that was observed after 30 days postpartum. 
Thirty day uterine involution grade (GRADE), 30 day reproductive treat-
ment (TRT-30) and retained placentas (RETPL) accounted for 6%, 3% and 2%, 
respectively, of the variation in conception interval. For Model 4, the 
large F values indicated that the direct effects of embryonic deaths, 
30 day uterine involution grades and 30 day reproductive treatment ac-
counted for the majority of the 22% multiple correlation coefficient. 
The very small F for ovarian condition (OVARY) implied that the variances 
within the levels of ovarian condition, such as cystic ovaries or non-
significant structures, were much larger than the variances between the 
levels of ovarian condition. 
The frequencies of the effects of the traits in Model 3 and Model 
4 are given earlier in Table 22. Least squares constants and standard 
errors of Model 3 and Model 4 are given in Table 24. 
Cows that had embryonic deaths had 146 days l onger conception 
intervals and 42% lower conception rates than cows that did not have 
embryonic deaths. Cows with poor 30 day uterine i nvolution grades had 
121 days longer conception intervals and 73% lower conception rates 
than cows with good 30 day uterine involution grades. Cows receiving 
reproductive treat ment at 30 days postpartum had 32 days longer concep-
tion intervals and 10% lower conception rates. The occurrence of re-
tained placentas decreased conception interval 28 days and conception 
rate 8%. Cows in later lactations (PARITY) tended to have longer con-
ception intervals and slightly reduced conception rates even though 
cows with poor conception were involuntarily selected against and 
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eliminated from the population. The similar leaat squares constants 
of ovarian condition for conception rate supported the observation that 
the differences between levels were very small. 
Table 23. Analysis of variance for conception interval and conception 
rate, Model 3 and Model 4 
Source d. f. k 
PARITY 3 83 
CALF A 3 73 
RETPL 1 60 
TRT-30 1 80 
OVARY 2 42 
GRADE 2 41 
EMB 1 28 
Error 374 
Multiple correlation 
tp < 0 .10. 
*p < 0 .05. 
** p < 0.01. 
***p < 0. 001. 
Conception interval (Model 3) Con. rate (Model 4) 
Variation 
M.S. Estimated % of total S.S. F 
12519 t 79 
735 -72 
24297* 303 
42455 ** 458 
4161 -43 
48969 *** 1053 
295029*** 10301 
5980 5980 
coefficient 
0 
2 
3 
6 
57 
32 
68 
0.296 
0.072 
0.159 
0.389 
0.002 
3.570 
2.563 
33.456 
1.10 
0.27 
1. 78 
4.35 * 
0.01 
19. 96 *** 
28.66*** 
22 
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Table 24. Least squares constants and standard errors for conception 
interval and conception rate, Model 3 and Model 4 
Level or Model 3 (dais) Model 4 (%) 
Source occurrence L.S. constants S.E. L.S. constants S.E. 
].1 281 16 39 6 
PARITY first -12 16 4 2 
second - 7 18 1 3 
third 18 18 -2 3 
fourth or more 0 18 -3 3 
CALF A none 1 15 -2 3 
manual 1 19 -2 4 
moderate - 4 17 -2 3 
severe 2 23 5 5 
RETPL no -14 15 4 3 
yes 14 19 -4 4 
TRT-30 no -16 17 5 2 
yes 16 17 -5 2 
OVARY normal - 8 16 0 3 
nss - 1 21 -1 5 
cystic 9 21 0 5 
GRADE good -39 16 24 5 
fair -42 17 25 5 
poor 82 30 -49 9 
EMB no -73 12 21 4 
yes 73 24 -21 8 
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Model l• Model .§_ and Model 7 
The analysis of variance for conception interval and conception 
rate, Model 5 and Model 6, shown in Table 25, were very similar to the 
results for the full models, Model 1 and Model 2. The large proportion 
of t he conception interval variation accounted for by embryonic deaths, 
the only post-breeding trait in Model 3, was partitioned into portions 
accounted for by the traits: times bred, reproductive exams, luteal cysts 
and embryonic deaths in Model 5. The traits of Model 6 accounted for 43% 
more of the total variation of conception rate than the traits of Model 4. 
The more complete models of conception interval, Model 1 and Model 5, and 
conception rate, Model 2 and Model 6, accounted for similar proportions 
of the total variation but the models with fewer traits, Model 3 and Model 
4, accounted for 68% compared to 22% of the variation in conception 
~nterval and conception rate. 
The traits of Model 7, shown in Table 26, accounted for 26% of the 
variation in deviation milk production. This implied, first, that the 
traits of Model 7 appropriately accounted for more of the variation in 
the fertility measures than of the variation in deviation milk production, 
and secondly, that the reproductive traits accounted for a significant 
26% of the variation of deviation milk production. Cystic follicles 
(CYSTF) and lactation number (PARITY) were the only traits having sig-
nificantly (P < 0.10) larger variances than the mean square error of 
deviation milk. The occurrence of cystic follicles accounted for 9% of 
the variation in deviation milk production. Parity accounted for 2% of 
the variation in deviation milk production. The effect of parity was 
61 
Table 25. Analysis of variance for conception interval and conception 
rate, Model 5 and Model 6 
Model 5 (days) Model 6 (%) 
M.S. Variation M.S. Variation 
Source d.f. k Est. % of total 
PARITY 3 72 2293 9 0 
CALF A 3 64 249 -22 
RETPL 1 46 1053 -13 
TRT-30 1 69 1870 3 0 
OVARY 2 34 2821 .• 34 1 
GRADE 2 30 17036 *** 520 8 
EMB 1 22 2433z*** 1008 15 
HYS 12 25 2774t 45 1 
CYSTF 1 52 47 -31 
CYSTCL 1 24 3358 70 1 
LCYST 1 9 6475 * 557 9 
NSS 1 57 4898t 56 1 
OVTH 1 52 429 -24 
OVTM 1 9 596 -124 
UTS 1 28 2556 32 0 
UTL 1 69 280 -20 
POOR 1 18 2116 25 0 
FAIR 1 72 2564 12 0 
EXAM 7 36 26549 *** 686 11 
BRED 6 38 70336*'** 1792 28 
Error 339 1662 1662 26 
Multiple correlation coefficient 74 
tp < 0 .10. 
*p < 0.05. 
**p < 0.01. 
***p < 0. 001. 
Est. % of total 
0.0376 -0.0004 
0.0751 0.0001 
0.0046 -0.0014 
0.0192 -0.0007 
0.0344 -0.0010 
0.4556** 0.0131 
0. 6867 ** 0.0275 
0.0569 -0.0004 
0.0038 -0.0012 
0.0394 -0.0012 
0.5130 ** 0.0515 
0.0270 -0.0007 
0.1027 0.0007 
0.0106 -0.0066 
0.1482 0.0029 
0.0101 -0.0008 
0 .4078 * 0.0186 
0.1344 t 0.0009 
0.1323 0.0017 
0. 4645 *** 0. 0103 
0.0678 0.0678 
0 
7 
14 
26 
0 
1 
10 
0 
1 
5 
35 
65 
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Table 26. Analysis of variance for deviation milk, Model 7 
Variation 
Source d.f. k M.S. Estimated % of total 
PARITY 3 72 245572* 2249 2 
CALF A 3 64 130799 732 1 
RETPL 1 46 406 -1834 
TRT-30 1 69 174342 1308 1 
OVARY 2 34 147216 1834 2 
GRADE 2 30 29259 -1854 
EMB 1 22 64731 -859 
RYS 12 25 81382 . -108 
CYSTF 1 52 590195** 9797 9 
CYST CL 1 24 44640 -1638 
LCYST 1 9 13328 -8182 
NSS 1 57 137979 939 1 
OVTH 1 52 60317 -459 
OVTM 1 9 179536 11082 10 
UTS 1 28 39921 - 1594 
UTL 1 69 148033 932 1 
POOR 1 18 5240 -4313 
FAIR 1 72 3222 -1119 
EXAM 7 36 106742 626 1 
BRED 6 38 99095 393 0 
Error 339 84045 84045 74 
Multiple correlation coefficient 26 
* p < 0. 05. 
**p < 0.01. 
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unexpected because deviation milk was based on mature equivalent pro-
duction that should have eliminated parity effects, but the parity 
effects remaining were small. Manual ovarian treatment (OVTM) accounted 
for 10% of the variation in deviation milk production, but it was not 
significant. 
Least squares constants and standard errors for conception interval, 
conception rate and deviation milk; Model 5, Model 6 and Model 7, are 
given in Table 27. The constants for Model 5 and Model 6 were similar 
to the constants of Model 1 and Model 2, and are given in Table 27 to 
facilitate comparisons of the effects of the reproductive traits on 
conception interval, conception rate and deviation milk under the same 
type of model. Cows with at least one cystic follicle (CYSTF) during 
a lactation produced 1,520 pounds more milk than cows not having a 
cystic follicle. There was no significant change in fertility ac-
companying the difference in cystic follicle occurrences. Fourth or 
later parity cows gave 1,290 pounds less milk than first parity cows. 
The mature equivalent age adjustment factors were not as accurate as 
desired for the Ankeny dairy herd. There was a slight corresponding 
trend for lower fertility in the older cows. Cows with extreme calving 
difficulty (CALFA) gave 1,680 pounds less milk in their following lacta-
tion than cows having no assistance at parturition. The production 
differences of parity and calving assistance were greatly confounded 
with the higher incidence of extreme calving difficulty in first parity 
cows. The trend accounting for 1% of the total variation in deviation 
milk was for the cows reproductively treated at 30 days postpartum 
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(TRT-30} to give 720 pounds less milk than the cows not treated. 
Accounting for 2% of the variation in deviation milk, a cystic or 
nonsignif icant ovarian structure at 30 days postpartum (OVARY) reduced 
production 960 and 910 pounds, respectively, compared to cows with 
normal 30 day ovarian conditions. Cows having no significant ovarian 
structures (NSS) at any time during the lactation had reduced production 
of 700 pounds and accounted for 1% of the milk production variation. 
Cows receiving manual ovarian treatment (OVTM) had slightly lower con-
ception intervals and 2,040 poundsmoremilk production than cows that 
did not receive any manual ovarian treatment. As will be explained 
later, cows with cystic follicles or luteal cysts received manual ovarian 
treatment. Accounting for 1% of the milk production variation, cows 
receiving local uterine treatment gave 660 pounds less milk than cows 
not treated. The effect of increased reproductive exams associated with 
reduced fertility was not associated with linear changes in milk produc-
tion. Production was not a criteria in determining which cows needed 
reproductive exams. The cows that were not bred gave 2,390 pounds less 
milk than cows bred once, but the unbred cows were examined more than six 
times implying tpat they were abnormal and not implying that the cows 
were unbred because of low genetic milk potential. Higher milk production 
was associated with the occurrence of cystic follicles, first parity cows 
and manual ovarian treatment. Lower milk production was associated with 
extreme calving difficulty, nonsignificant ovarian structures, 30 day 
reproductive treatment and local uterine treatment. 
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Table 27. Least squares constants and standard errors for conception 
interval, conception rate and deviation milk, Model 5, 
Model 6 and Model 7 
Model 5 (days) Model 6 (%) Model 7 (10 lb) 
Level or L.S. S .E. L.S. S.E. L.S. S.E. 
Source occurrence constants constants constants 
µ 204 17 64 11 57 123 
PARITY first -7 17 3 11 74 123 
second -1 18 -1 12 -11 130 
third 5 18 1 11 - 7 128 
fourth or more 3 18 -2 11 -55 126 
CALF A none 1 17 -3 11 50 120 
manual 2 18 -2 12 16 129 
moderate -2 17 -4 11 52 123 
extreme -1 20 9 13 -118 144 
RETPL no 3 17 -1 11 2 118 
yes -3 19 1 12 -2 134 
TRT-30 no -4 17 1 11 36 123 
yes 4 18 -1 11 -36 127 
OVARY normal 8 17 -2 11 62 123 
nss -2 19 -2 12 -29 136 
cystic -6 19 4 12 -34 134 
GRADE good -26 19 14 12 22 132 
fair -31 19 16 12 44 135 
poor 57 22 -30 14 -66 154 
EMB no -23 15 12 10 -38 110 
yes 23 21 -12 13 38 147 
RYS summer '68 -10 24 -1 16 -174 173 
winter '68 0 23 11 15 -51 165 
summer '69 1 20 -5 12 -65 139 
winter '69 -7 19 8 12 37 132 
summer '70 -5 19 0 12 80 137 
winter '70 9 19 -5 12 67 133 
summer '71 -15 18 6 12 2 131 
winter '71 -14 19 1 12 22 134 
sunnner '72 0 19 -6 12 45 137 
winter '72 3 19 2 12 49 132 
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Table 27. (Continued) 
Model 5 {days} Model 6 {%2 Model 7 ~10 lb) 
Level or L.S. S.E. L.S. S.E. L.S. S.E. 
Source occurrence constants constants constants 
HYS sunnner '73 9 19 -4 12 21 135 
winter '73 6 17 5 11 69 120 
summer '74 25 20 -1 13 -100 139 
CYSTF no -1 17 1 11 -76 124 
yes 1 18 -1 11 76 128 
CYSTCL no -8 16 -3 10 -30 115 
yes 8 20 3 13 30 142 
LCYST no 19 16 -17 10 28 117 
yes -19 23 17 15 -28 162 
NSS no 7 18 -2 11 35 125 
yes -7 18 2 11 -35 126 
OVTH no -2 18 3 11 -24 125 
yes 2 18 -3 11 24 127 
OVTM no 6 16 -2 10 -102 113 
yes -6 23 2 15 102 164 
UTS no -7 16 5 10 -27 115 
yes 7 20 -5 13 27 141 
UTL no 1 18 1 11 33 125 
yes -1 18 -1 11 -33 125 
POOR no -8 18 11 12 -12 128 
yes 8 19 -11 12 12 135 
FAIR no 4 18 -3 11 5 126 
yes -4 17 3 11 -5 124 
EXAM 2 or less -39 20 5 13 -43 140 
3 -29 20 3 13 19 141 
4 -16 19 3 12 77 134 
5 -7 19 6 12 -47 133 
6 -16 20 7 13 23 139 
7 29 19 -11 12 65 133 
8 27 18 -4 12 -70 129 
9 or more 52 16 -9 10 -22 116 
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Table 27. (Continued) 
Model 5 (days) Model 6 (%) Model 7 (10 lb) 
Level or L.S. S.E. L.S. S.E. L.S. S.E. 
Source occurrence constants constants constants 
BRED 0 32 26 -26 16 -224 181 
1 -65 17 12 11 15 124 
2 -48 18 13 11 54 126 
3 -12 19 9 12 30 132 
4 -17 20 13 13 84 143 
5 40 20 -2 13 -45 139 
6 or more 71 18 -21 12 86 131 
Correlations 
Product moment correlations among the reproductive traits are found 
in Table 28. Table 29 contains residual correlations, holding year-
season constant. There were no major differences between the two sets 
of correlations. The residual correlations of Table 29 were referenced 
in the text, except for correlations involving parity. Parity was 
partially confounded with year-season, as shown in Table 13, and 
therefore was not adjusted for year-season differences. From Table 28 
only the product moment correlations involving parity were referenced. 
Table 28. Product moment correlations among the reproductive . a traits 
Source RATE MILK PARITY CALF A RETPL TRT-30 OVARY GRADE EMB HYS 
CI -0. 72** -0.02 0.15** -0.07 0.10* 0.19** 0.09 0.22** 0.33** 0.14** 
RATE 0.21** -0.15** 0.05 -0.07 -0.18** -0.07 -0.26** -0.25** -0.05 
MILK -0.12* -0.04 -0.04 -0.12* -0.07 -0.14** 0.05 0.03 
PARITY -0.25** 0.02 0.08 0.05 0.17** 0.11* 0.22** 
CALF A 0.05 -0.01 -0.06 0.01 -0.10* -0.29** 
RETPL 0.01 -0.06 0.08 0.03 0.05 
TRTA-30 0.01 0.59** -0.04 -0.01 
OVARY 0.13** -0.03 -0.03 
GRADE -0.04 -0.01 
EMB 0.02 
°' CX> 
a 388 lactations. 
*P < 0.05. 
**P < 0.01. 
Table 28. Continued 
Source CYSTF CYST CL LCYST NSS OVTH OVTM UTS UTL 
CI 0.28** 0.14** 0.03 0.06 0.27** -0.04 0.23** 0.09 
RATE -0.15** -0.04 0.05 -0.05 -0.18** 0.05 -0.26** -0.09 
MILK 0.14** 0.06 -0.00 -0.10* 0.10* 0.11* -0.04 -0.14** 
PARITY 0.03 -0.02 0.08 0.09 0.01 -0.04 0.06 0.04 
CALF A -0.03 0.06 -0.02 -0.01 0.00 -0.02 -0.02 0.07 
RETPL 0.03 0.03 0.04 0.32** -0.02 -0.04 0.01 0.09 
TRT-30 0.08 -0.01 0.09 0.02 0.07 -0.02 0.16** 0.12* 
OVARY 0.25** 0.10* 0.02 -0.05 0.18** 0.10* 0.03 0.13** 
GRADE 0.06 0.01 0.12* 0.07 0.03 0.07 0.26** 0.25** 
EMB 0.05 -0.04 -0.03 0.04 0.02 -0.03 0.01 -0.05 0\ l.O 
HYS 0.02 -0.07 0.11* 0.12* -0.03 0.12* 0.04 -0.06 
CYSTF 0 .17** 0 . 15** -0 . 05 0.30** 0.22** 0.02 0.13** 
CYST CL -0.03 0.07 0.23** 0.08 -0.05 0.09 
LCYST 0.13** 0.16** 0.32** -0.03 0.12* 
NSS -0.01 0.07 0.11* 0.24** 
OVTH 0.16** 0.07 0.13** 
OVTM -0.03 0.06 
UTS 0.19** 
Table 28. Continued 
Source POOR FAIR EXAM BRED 
CI 0.24** 0.07 0.70** 0.70** 
RATE -0.31** -0.04 -0.40** -0.33** 
MILK -0.13** -0.05 0.03 0.12* 
PARITY 0.14** 0.10* 0.11* 0.04 
CALF A 0.01 -0.03 -0.05 -0.04 
RETPL 0.10* 0.30** 0.24** 0.06 
TRT-30 0.32** 0.31** 0.22** 0.05 
OVARY 0.08 -0.03 0.13** 0.03 
GRADE 0.40** 0.40** 0.27** -0.05 
EMB -0.05 0.07 0.23** 0.27** ......, 
0 
HYS 0.12* 0.04 0.07 0.11* 
CYSTF 0.14** 0.08 0.38** 0.22** 
CYSTCL 0.01 -0.03 0.18** 0.08 
LCYST 0.26** 0.07 0.12* 0.06 
NSS 0.25** 0.40** 0.27** -0.01 
OVTH · 0.08 0.05 0.29** 0.24** 
OVTM 0.07 0.07 0.09 -0.09 
UTS 0.33** 0.08 0.21** 0.03 
UTL 0.23** 0.33** 0.23** -0.07 
POOR 0.17** 0.24** -0.03 
FAIR 0.31** -0.02 
EXAM 0.50** 
Table 29. Residual correlations, holding year-season constant, among the reproductive traits a 
Source RATE MILK CALF A RETPL TRT-30 OVARY GRADE EMB CYSTF CYST CL 
CI -0.72** -0.04 -0.03 0.08 0.18** 0.08 0.22** 0.34** 0.27** 0.13* 
RATE 0.22** 0.02 -0.06 -0.17** -0.06 -0.25** -0.26** -0.15** -0.02 
MILK 
-0.06 -0.03 -0.12* -0.08 -0.15** 0.05 0.14** 0.07 
CALF A 0.09 -0.02 -0.07 0.02 -0.10 -0.06 0.04 
RETPL 0.00 -0.05 0.09 0.03 0.04 0.01 
TRT-30 0.02 0.60** -0.05 0.08 -0.03 
OVARY 0.14** -0.02 0.25** 0.08 
GRADE -0.04 0.06 0.01 
EMB 0.06 -0.04 
-....J 
CYSTF 0.17** I-' 
a388 lactations -13 year-seasons. 
*P < 0.05. 
**P < 0.01. 
Table 29. Continued 
Source LCYST NSS OVTH OVTM UTS UTL POOR FAIR EXAM BRED 
CI 0.02 0.04 0.25** -0.06 0.24** 0.06 0.22** 0.05 0.69** 0.70** 
RATE 0.05 -0.03 -0.17** 0.05 -0.28** -0.08 -0.30** -0.01 -0.38** -0.32** 
MILK -0.01 -0.10 0.09 0.09 -0.05 -0.14** -0.14** -0.07 0.02 0.12* 
CALF A -0.01 0.05 -0.02 -0.02 -0.00 0.07 0.05 0.01 -0.02 -0.03 
RETPL 0.06 0.31** -0.01 -0.02 0.03 0.11* 0.10 0.28** 0.23** 0.04 
TRT-30 0.08 -0.00 0.06 -0.02 0.16** 0.09 0.32** 0.30** 0.21** 0.03 
OVARY 0.03 -0.03 0.17** 0.11* 0.03 0.10 0.08 -0.02 0.12* 0.04 
GRADE 0.10 0.06 0.03 0.06 0.24** 0.25** 0.39** 0.41** 0.28** -0.06 
EMB -0.03 0.03 0.02 -0.03 0.01 -0.06 -0.05 0.06 0.23** 0.28** 
CYSTF 0.13* -0.04 0.30** 0.20** 0.02 0.13* 0.13* 0.10 0.38** 0.21** -...i N 
CYSTCL -0.01 0.07 0.22** 0.10 -0.03 0.08 0.02 -0.06 0.17** 0.07 
LCYST 0.14** 0.16** 0.29** -0.07 0.11* 0.24** 0.09 0.12* 0.05 
NSS -0.00 0.08 0.12* 0.25** 0.26** 0.37** 0.26** -0.03 
OVTH 0.16** 0.05 0.09 0.07 0.06 0.28** 0.23** 
OVTM -0.05 0.07 0.04 0.09 0.08 -0.12* 
UTS 0.16** 0.31** 0.11* 0.23** 0.04 
UTL 0.23** 0.36** 0.22** -0.09 
POOR 0.18** 0.23** -0.06 
FAIR 0.30** -0.04 
EXAM 0.49** 
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Fertility 
The relationship between conception interval (CI) and conception 
rate (RATE) was very strong (r"' -0.72). Conception interval was 
highly correlated with the following traits that accounted for large 
proportions of the total variation : times bred (BRED, r = 0 . 70), 
embryonic deaths (EMB, r"' 0.34), reproductive exams (EXAM, r"' 0.69), 
and 30 day uterine involution grades (GRADE, r"' 0.22). Luteal cysts 
(LCYST) also accounted for a significant proportion of the total varia-
tion in Model 1 but the correlation between luteal cysts and 
conception interval (r "' 0.02) was not significantly different from 
zero. Luteal cysts were significantly (P < 0.05) correlated with the 
following traits, cystic follicles (CYSTF, r • 0.13), hormonal ovarian 
treatment (OVTH, r z 0.16), poor uterine involution grades (POOR, 
r z 0.24), and reproductive exams (r"' 0.12). Conception interval was 
significantly correlated with the same traits, cystic follicles (r"' 0.27), 
hormonal ovarian treatment (r z 0.25) and poor uterine involution grades 
(r z 0. 22). 
Luteal cysts were not significantly (P > 0.05) correlated with 
conception rate but conception rate was correlated with cystic follicles 
(r"' -0.15), hormonal ovarian treatment (r"' -0.17) and reproductive 
exams (r z -0.38). Except for luteal cysts, conception rate was directly 
associated with the traits accounting for the large proportions of the 
total variation, embryonic deaths (r z -0.26), poor uterine involution 
grades (r z -0.30), deviation milk production (MILK, r z 0.22), 30 day 
uterine involution grades (r z -0.25) and times bred (r"' -0.32). 
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Conception interval was also significantly (P < 0.05) correlated 
with systemic uterine treatment (UTS, r = 0.24), 30 day reproductive 
treatment (TRT-30, r = 0.18), lactation number (PARITY, r = 0.15) and 
cystic corpus luteum {CYSTCL, r = 0.13). These traits did not account 
for significant proportions of the total variation but they were directly 
associated with traits that did account for significant proportions of 
the total variation. Systemic uterine treatment was significantly 
(P < 0.05) correlated with 30 day uterine involution grade (r = 0.24), 
poor uterine involution grades (r = 0.31) and reproductive exams (r = 
0.23). Thirty day reproductive treatment was significantly (P < 0.05) 
correlated with 30 day uterine involution grades (r = 0.60), poor uterine 
involution grades (r = 0.32), reproductive exams (r = 0.21), deviation 
milk (r = -0.12) and systemic uterine treatment (r = 0.16). Parity was 
significantly (P < 0.05) correlated with 30 day uterine involution grades 
(r = 0 . 17), embryonic deaths (r = 0.11), poor uterine involution grades 
(r 0.14), reproductive exams (r = 0.11) and deviation milk (r = -0.12). 
Cystic corpus luteum was correlated with reproductive exams (r = 0.17). 
Conception rate was also significantly (P < 0.05) correlated with system-
ic uterine treatment (r = -0.28), 30 day reproductive treatment (r = 
-0.17) and parity (r = -0.15). 
Production 
Deviation milk production was correlated with cystic follicles 
(r = 0.14). The following traits, accounting for only 1% of the total 
milk variation, were correlated with deviation milk: 30 day uterine 
involution grade (r = -0.15); local uterine treatment (UTL, r = -0.14); 
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poor uterine involution grades (r -0.14) and times bred (r 0.12). 
Parturition 
Parity Increasing parity decreased calving assistance (CALFA, 
r = -0.25), increased 30 day uterine involution grades (r = 0.17), 
slightly increased embryonic deaths (r = 0.11), increased poor and 
fair uterine involution grades (POOR, r = 0.14 and FAIR, r = 0.10) and 
increased the number of reproductive exams (r = 0.11). Older cows 
involuted slower than young cows. Parity was the only trait that was 
significantly (P < 0.05) correlated with calving assistance. 
Retained placenta The occurrences of retained placentas (RETPL) 
were associated with the following traits: no significant ovarian 
structures (NSS, r 0.31); local uterine treatment (r = 0.11); fair 
uterine involution grades (r = 0.28) and reproductive exams (r = 0.23). 
Cows that retained their placentas were not ready to begin normal cycling 
and the cows had minor involution problems. 
Thirty days postpartum 
Reproductive treatment Thirty day reproductive treatment was 
correlated with the following traits: 30 day uterine involution grade 
(r = 0.60), systemic uterine treatment (r = 0.16), poor and fair uterine 
involution grades (r = 0.32 and 0.30, respectively) and reproductive 
exams (r = 0.21). Most fair and poor 30 day uterine involution grades 
were treated at 30 days postpartum and many cows needed additional 
treatments for the persistent abnormal involution grades. 
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Ovarian condition Thirty day ovarian condition (OVARY) was 
correlated with the following traits: 30 day uterine involution grade 
(r = 0.14); cystic follicles (r = 0.25); hormonal and manual ovarian 
treatment (OVTH, r = 0.17 and OVTM, r = 0.11) and reproductive exams 
(r = 0.12). Thirty day nonsignificant or cystic structures occurred 
more frequently with poor and fair 30 day uterine involution grades 
than with good 30 day uterine involution grades. Abnormal 30 day ovarian 
conditions indicated cystic follicles and subsequent hormonal or manual 
ovarian treatment. 
Uterine involution grade Thirty day uterine involution grades 
were highly correlated (P < 0.01) with the following traits: systemic 
and local uterine treatments (r = 0.24 and 0.25, respectively); poor 
and fair uterine involution grades (r = 0.39 and 0.41, respectively) and 
reproductive exams (r = 0.28), implying that many problem cows were 
identified as problem cows by 30 days postpartum and that additional 
treatment was often required. 
Lactation 
Lactation refers to reproductive traits that were binomial or 
cumulative over a lactation. 
Embryonic mortality Embryonic deaths were correlated with re-
productive exams (r = 0.23) and with times bred (r = 0.28). Additional 
exams were needed to diagnose embryonic deaths and the cows were rebred 
in attempts to settle the cows. 
Cystic follicles Cystic follicles were correlated with other 
cystic ovarian conditions, cystic corpus luteum (r = 0.17) and luteal 
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cysts (r = 0.13). Cystic follicles were correla ted with the following 
traits: hormona l and manual ova r ian treatment (r = 0.30 and 0.20, 
respectively); local uterine treatment (r = 0.13); poor uterine involu-
tion grades (r = 0.13); reproductive exams (r = 0.38) and times bred 
(r = 0.21). Cystic follicles were an indication of abnormal reproduc-
tive conditions that required many services. 
Cystic corpus luteum Cystic corpus luteum were correlated 
with hormonal ovarian treatment (r = 0.22) and with reproductive exams 
(r = 0.17) indicating that cows with cystic corpus luteum were 
hormonally treated and were examined frequently . 
Luteal cysts Luteal cysts were correlated with the following 
traits: nonsignificant ovarian structures (r = 0.14); hormonal and 
manual ovarian treatment (r = 0.16 and 0.29, respectively); local uterine 
treatment (r = 0.11); poor uterine involution grades (r = 0.24) and re-
productive exams (r = 0.12). Most of these correlations were similar to 
the correlations with cystic follicles. However, the relationship be-
tween luteal cysts and no significant structure could have indicated a 
pattern of ovarian activity, such as normal follicles becoming cystic 
then changing to a luteal cyst and finally disappearing as no significant 
structure. 
Nonsignificant structures Nonsignif icant ovarian structures were 
correlated with systemic and local uterine treatment (r = 0.12 and 0.25, 
respectively), poor and fair uterine involution grades (r = 0.26 and 0.37, 
respectively) and reproductive exams (r = 0.26). These correlations 
implied that uterine disorders hampered ovarian activity with the 
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observation of nonsignificant ovarian structures being a secondary 
disorder. 
Ovarian treatment Hormonal ovarian treatment was correlated with 
the following traits: manual ovarian treatment (r = 0.16); reproductive 
exams (r = 0.28) and times bred (r = 0.23). Both hormonal and manual 
ovarian treatments were applied to persistent ovarian disorders. Cows 
that were hormonally treated were bred a large number of times. Cows 
receiving manual ovarian treatment were associated with significantly 
(P < 0.05) fewer times bred (r -0.12) than cows not treated. 
Uterine involution grades Uterine involution grades of poor and 
fair were correlated (r = 0.18). Reproductive exams were correlated 
with almost all traits, including poor and fair uterine involution 
grades (r = 0.23 and 0.30, respectively) and times bred (r = 0.49). A 
reproductive exam was needed to observe most of the reproductive traits. 
Summary of correlations 
In general, the significant correlations among the reproductive 
traits in Table 29 were positive but most correlations involving concep-
tion rate or deviation milk with other reproductive traits were negative. 
After adjusting for all reproductive traits in Model 5, the re-
sidual correlation between conception interval and conception rate was 
-0.61, as shown in Table 30. The model explained some of the common 
elements of fertility but many elements of fertility still remained un-
accounted for. The cows that gave more milk, had higher conception rates 
(r = 0.27) and shorter conception intervals (r = -0.11) primarily 
because they were healthier than less-fertile cows. When open infertile 
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cows were excluded and the reduced data set of 339 pregnant cows was 
used, the correlation between deviation milk and conception interval was 
0.21, as opposed to -0.02 and -0.04 in Tables 28 and 29. Production of 
open infertile cows was below average, especially early in the lacta-
tion. Delayed breeding of fertile cows increased production above 
average, late in the lactation. 
Table 30. Residual correlation matrix, holding all 
traits in Model 5 constant 
Source 
CI 
RATE 
MILK 
*P < 0.05. 
**P < 0. 01. 
CI 
1.00 
-0.61** 
-0.11* 
RATE 
-0.61** 
1.00 
0.27** 
MILK 
-0.11* 
0.27** 
1.00 
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Repeatabilities 
The repeatabilities and standard errors of the reproductive traits 
are summarized in Table 31 . The largest repeatability for parity 
(0.865 + 0.018) was an indication of the probability of a cow conceiving 
for a subsequent parturition. Milk production, known to be repeatable, 
had an estimated repeatability of 0.527 + 0.052. Symptoms resulting in 
systemic uterine treatment and manual ovarian treatment, occurred re-
peatedly in the same cows. 
Many traits, including conception interval, conception rate, 
calving assistance, 30 day reproductive treatment, 30 day uterine invo-
lution grades, cystic follicles, cystic cropus luteum, nonsignificant 
ovarian structures, poor uterine involution grades and reproductive 
exams, had moderate repeatabilities around 0.20. There were some re-
peatabilities that were small and slightly negative. Fertility did not 
appear as highly repeatable as milk production but encouragingly many 
reproductive traits had moderate repeatabilities. 
Table 31. Repeatabilities and standard errors of the reproductive traits 
Source 
CI 
RATE 
MILK 
Repeatability 
0.203 
0.268 
0.527 
aApproximate form~la from Swiger et al. (1964). 
a Standard error 
0.067 
0.066 
0.052 
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Table 31. Continued 
Source Repeatability Standard a error 
PARITY 0.865 0.018 
CALF A 0.184 0.068 
RETPL -0 . 046 0.068 
TRT-30 0.194 0.068 
OVARY -0.039 0.068 
GRADE 0.204 0.067 
EMB 0.010 0.069 
CYSTF 0.197 0.068 
CYST CL 0.138 0.069 
LCYST 0.062 0.069 
NSS 0.170 0.068 
OVTH 0.091 0.069 
OVTM 0.359 0.062 
UTS 0.417 0.059 
UTL 0.018 0.069 
POOR 0.200 0.067 
FAIR -0.068 0.068 
EXAM 0.214 0.067 
BRED 0.108 0.069 
Principal Components 
No principal component accounted for a large share of the total 
variance, indicating that many variables contribute to reproductive prob-
lems. The first three components accounted for 16.4, 10.8 and 8.1 percent 
of the total variance, as shown in Table 32. The percent of the total 
variance accounted for by the remaining principal components ranged from 
7.8 to 1.5%. The six largest absolute values of the coefficients of each 
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of the first three principal components are designated in Table 32. The 
first principal component compared abnormal embryonic deaths, 30 day 
uterine involution grades, nonsignificant ovarian structures and hormonal 
ovarian treatments to active ovarian conditions of cystic corpus luteum 
and luteal cysts. The second principal component compared nonsignificant 
ovarian structures, 30 day ovarian structures and 30 day reproductive 
treatment to abnormal uterus conditions of poor uterine involution grades 
and local and systemic uterine treatments. The first two principal 
components were biological in nature with the first being general and 
the second contrasting no ovarian acitivity and infected uteruses. The 
third principal component compared calving problems, milk production and 
reproductive exams to abnormal 30 day ovarian conditions, embryonic 
deaths and times bred. The third principal component was different 
because time variables, such as reproductive exams and times bred, 
were more significant. 
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Table 32. Coefficients of the first three principal components based on 
the residual correlations, holding year-season constant, from 
Table 29 
Principal Components 
Source First Second Third 
l 
CALF A 0.02 0.18 0.30c 
RETPL -0.12 
-0.06d -0.18 
TRT-30 0.02 0.30b -0.07b 
OVARY 0.18 0.37 -0.42 
GRADE -0.40c -0.00 0.18d 
EMB -0.5la -0.06 -0.28 
CYSTF 
-0.lOd 0.15 0.20 
CYST CL 0.39b 0.09 0.12 
LCYST 0.42 0.16 -0.14 
NSS e 0.59a 0.07 
-0.30f 
OVTH -0.28 -0.12 -0.02 
OV'IM 0.02 0.13 0.02 
UTS 0.11 -0.24f 0.03 
UTL -0.03 e 0.02 
-0.26b 
POOR 0.08 -0.37 0.12 
FAIR -0.10 0.11 -0.02 
EXAM 0.01 0.12 a 0.60f 
BRED 0.01 -0.10 -0.25 
MILK 0.03 -0.02 0.26e 
% of total 
variance 16.4 10.8 8.1 
95% confidence 
interval2 14.3-19.1 9.4-12.6 7.1-9.5 
1 Letters designate and rank the coefficients with the six largest 
absolute values of each principal component. 
2 Morrison (1976). The confidence intervals may be difficult to 
interpret because the procedure is applied to ranked eigenvalues. 
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Clinical Treatments of Reproductive Traits 
Clinical treatments, such as 30 day reproductive treatment, hormonal 
or manual ovarian treatment and systemic or local uterine treatment, were 
not assigned randomly to reproductive disorders. These were assigned 
as a result of a veterinar ian's diagnosis. Tables 33 and 34 are summaries 
of the number of lactations that cows had a reproductive disorder and 
received treatment. 
Parturition 
Fewer cows having manual assistance at calving received 30 day re-
productive treatment than randomly expected. Patient manual assistance 
reduced the stress on the cow. Cows experiencing severe calving dif-
ficulty received more 30 day reproductive treatment and local uterine 
treatment than randomly expected. The incidence of retained placentas 
was not associated with any treatment. 
Thirty days postpartum 
Cows with two smooth nonfunctional ovaries at 30 days postpartum 
had more 30 day reproductive treatments, more hormonal and manual ovarian 
treatments and more systemic and local uterine treatments than randomly 
expected . Cows with at least one cystic ovary at 30 days postpartum 
received more hormonal ovarian treatment than expected. The vast 
majority of the cows with fair 30 day uterine involution grades were 
treated at 30 days postpartum. Some additional systemic and local uter-
ine treatment was associated with fair 30 day uterine involution grades. 
Large numbers of 30 day reproductive treatments and local 
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uterine treatments occurred after a cow was diagnosed with a poor 
30 day uterine involution grade. Systemic uterine treatment and manual 
ovarian treatment were also more frequent than expected following a poor 
30 day uterine involution grade. Nonsignificant ovarian structures and 
poor 30 day uterine involution grades were associated with a multitude 
of treatments. The condition of nonsignificant structures was almost 
surely a result of other abnormal conditions, such as delayed uterine 
involution. 
Table 33. Number of lactations for treatments of calving assistance, 
retained placenta, ovarian condition, uterine involution 
grade and embryonic deaths 
Treatment 
Source Level occurrence TRT-30 OVTH OVTM UTS UTL 
CALF A none no 160 188 207 199 180 
yes 51 23 4 12 31 
manual no 40 42 45 43 38 
yes Sa 3 0 2 7 
moderate no 92 101 110 107 98 
yes 20 11 2 5 14 
severe no 12b 17 20 19 llb 
yes 8 3 0 1 9 
RETPL no no 278 317 348 336 302 
yes 76 37 6 18 52 
yes no 26 31 34 32 25 
yes 8 3 0 2 9 
OVARY normal no 266 307 331 319 289 
yes 68 27 3 15 45 
aDifferences significant (P < 0.10), less treatment than expected. 
bDifferences significant (P < 0.10), more treatment than expected. 
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Table 33. Continued 
Treatment 
Source Level occurrence TRT-30 OVTH OVTM UTS UTL 
OVARY nss no lOb 17b 20b 18b 14b 
yes 12 5 2 4 8 
cystic no 28 24b 31 31 24 
yes 4 8 1 1 8 
GRADE good no 281 277 304 299 271 
yes 27 31 4 9 37 
fair no 2lb 64 70 64b 54b 
yes 50 7 1 7 17 
poor no 2b 7 8b Sb 2b 
yes 7 2 1 4 7 
EMB no no 291 335 367 354 313 
yes 82 38 6 19 60 
yes no 13 13 15 14 14 
yes 2 2 0 1 1 
Number of lactations 388 388 388 388 388 
Lactation 
The treatment of cows experiencing embryonic deaths did not deviate 
from the random expectations. The occurrence of cystic follicles, Table 
34, was associated with more hormonal and manual ovarian treatment and 
more local uterine treatment than randomly expected. Only hormonal 
ovarian treatment was excessively associated with cows having cystic 
corpus luteum. Luteal cysts had a treatment pattern similar to cystic 
follicles where cows with luteal cysts had more hormonal and manual 
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ovarian treatment and more local uterine treatment than expected. Cows 
with nonsignificant ovarian structures did not have more ovarian treat-
ment but had more systemic and local uterine treatments than randomly ex-
pected. Most poor uterine involution grades were diagnosed early and 
treated at 30 days postpartum. Many cows with poor uterine involution 
grades received additional systemic and local uterine treatment. Cows 
with fair uterine involution grades had more 30 day reproductive treat-
ment and more local uterine treatment than randomly expected. 
Summary of reproductive traits' treatments 
Severe calving difficulty and 30 day postpartum nonsignificant 
ovarian structures and abnormal uterine involution grades were treated 
at 30 days postpartum. Abnormal 30 day postpartum ovarian conditions, 
cystic follicles, cystic corpus luteum and luteal cysts received the 
majority of the hormonal and manual ovarian treatment. Nonsignificant 
ovarian structures and poor uterine involution grades were associated 
with systemic uterine treatments. Local uterine treatment was not 
specific, being associated with all the traits except retained placentas, 
embryonic deaths and cystic corpus luteum. 
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Table 34. Number of lactations for treatments of cystic follicles, 
cystic corpus luteum, luteal cysts, no significant structures, 
and poor and fair uterine involution grades 
Treatment 
Source Level occurrence TRT-30 OVTH OVTM UTS UTL 
CYSTF no no 273 319 341 326 295 
yes 70 24 2 17 48 
yes no 31 29 41 42 32 
yes 14 16a 4a 3 13a 
CYSTCL no no 291 339 367 352 316 
yes 81 33 5 20 56 
yes no 13 9 15 16 11 
a yes 3 7 1 0 5 
LCYST no no 301 345 370 362 324 
yes 81 37 4 20 58 
yes no 3 3 4 6 3 
yes 3 3a 2a 0 3a 
NSS no no 263 299 330 320 293 
yes 71 35 4 14 41 
yes no 41 49 52 48 34 
yes 13 5 2 6a 20a 
POOR no no 300 333 364 356 318 
yes 69 36 5 13 51 
yes no 4 15 18 12 9 
yes 15a 4 1 7a lOa 
FAIR no no 248 262 286 277 264 
yes 41 27 3 12 25 
yes no 56 86 96 91 63 
yes 43a 13 3 8 36a 
Number of lactations 388 388 388 388 388 
aDifference significant (P < 0.10), more treatment than expected. 
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Genetic Groups 
Reproductive traits 
Table 35 has the means and standard errors of the means for the re-
productive traits by genetic pedigree groups. There were no significant 
differences between pedigree groups except for milk production. Zero 
generation high pedigree cows gave 1,330 pounds more milk than low 
pedigree cows. Selecting on pedigree was successful for production. 
Table 36 has the means and standard errors of the means for the reproduc-
tive traits by genetic sire groups. Nonzero generation offspring of the 
high sire groups gave 2,670 pounds more milk than offspring of the average 
sire groups. No daughters of high sires received systemic uterine treat-
ment while eight percent of the daughters of average sires received 
systemic uterine treatment. There were no other significant differences 
between the high and average sire group's offspring. 
The number of lactations for nonbinomial reproductive traits by 
genetic groups are given in Table 37. There were no major differences 
between high and low pedigree groups or between high and average sire 
groups. 
Table 38 shows an analysis of variance for conception interval, con-
ception rate and deviation milk production for 60 first parity nonzero 
generation lactations . Sire and dam group effects were not significant 
for conception interval and conception rate but the sire and dam group 
effects were significant for milk production. No interaction effects 
were significant. 
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Table 35. Means and standard errors of the means for reproductive traits 
by genetic pedigree groups 
Zero generation pedigree groups 
High Low 
Source Mean Standard error Mean Standard error 
era 146 8.57 141 7.46 
RATEb 85 3.41 87 2.95 
MILKc 125 29.03 -8* 25.17 
PARITY 2.25 0.106 2.37 0.099 
CALF A 1.92 0.098 1.88 0.091 
RETPL 1.08 0.026 1.10 0.026 
TRT-30 0.21 0.038 0.26 0.038 
OVARY 1.15 0.048 1.26 0.057 
GRADE 1.21 0.040 1.29 0.044 
EMS 0.06 0.022 0.03 0.015 
HYS 6.98 0.278 6.81 0.257 
CYSTF 0.14 0.033 0.10 0.026 
CYST CL 0.06 0.023 0.03 0.015 
LCYST 0.01 0.009 0.02 0.011 
NSS 0.14 0.033 0.13 0.029 
OVTH 0.10 0.028 0.11 0.028 
OVTM 0 0 0.01 0.008 
UTS 0.06 0.023 0.05 0.018 
UTL 0.17 0.036 0.20 0.035 
POOR 0.05 0.021 0.05 0.018 
FAIR 0.23 0.040 0.30 0.040 
EXAM 5.52 0.257 5.17 0.220 
BRED 2.55 0.160 2.36 0.143 
Observations 112 131 
a Days. 
b Percent. 
c Ten pound units. 
*Difference significant (P < 0. 05). 
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Table 36. Means and standard errors of the means for reproductive traits 
by genetic sire 
Source 
era 
RATEb 
MILKc 
PARITY 
CALF A 
RETPL 
TRT-30 
OVARY 
GRADE 
EMB 
HYS 
CYSTF 
CYSTCL 
LCYST 
NSS 
OVTH 
OVTM 
UTS 
UTL 
POOR 
FAIR 
EXAM 
BRED 
Observations 
a Days. 
b Percent. 
Mean 
142 
93 
193 
1.54 
1. 76 
1.07 
0.20 
1.31 
1.13 
0 
10.46 
0.13 
0.04 
0.04 
0.09 
0.11 
0.06 
0 
0.07 
0.04 
0.22 
5.00 
2.48 
54 
c Ten pound units. 
groups 
Nonzero generation 
High 
Standard error 
10.34 
3.60 
39.18 
0.098 
0.129 
0.036 
0.055 
0.091 
0.053 
0 
0.283 
0.046 
0.026 
0.026 
0.040 
0.043 
0.031 
0 
0.036 
0.026 
0.057 
0.300 
0.221 
*Difference significant (P < 0.05). 
sire groups 
Average 
Mean Standard error 
157 13.27 
85 5.15 
-74* 48.40 
1.44 0.094 
1.60 0.142 
1.10 0.045 
0.19 0.057 
1.27 0.083 
1.31 0.085 
0.06 0.035 
10.79 0.263 
0.08 0.040 
0.02 0.021 
0.02 0.021 
0.23 0.061 
0.04 0.029 
0.02 0.021 
0.08* 0.040 
0.17 0.054 
0.08 0.040 
0.29 0.066 
5.35 0.380 
2.67 0.265 
48 
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Table 37. Number of lactations for nonbinomial reproductive traits 
by genetic groups 
Generation 
Zero Nonzero 
Pedigree Sire 
Source Level High Low High Average 
CALF A none 57 71 31 33 
manual 15 13 6 4 
moderate 32 39 16 8 
severe 8 8 1 3 
OVARY normal 102 112 43 38 
nss 3 4 5 7 
cystic 7 15 6 3 
GRADE good 90 96 4.8 36 
fair 21 32 5 9 
poor 1 3 1 3 
EXAM 2 or less 19 28 8 10 
3 16 13 6 4 
4 17 16 13 5 
5 10 23 8 10 
6 6 11 2 4 
7 8 9 10 2 
8 2 5 1 0 
9 or more 34 26 6 13 
BRED 0 1 3 0 2 
1 41 51 21 15 
2 20 31 11 12 
3 27 18 10 3 
4 5 9 3 5 
5 4 8 5 6 
6 or more 14 11 4 5 
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Table 38. Analysis of variance for conception interval, conception 
rate and deviation milk, Model 9a 
CI 
Source d.f. M.S. 
Sire groups 1 1185 
Dam groups 1 685 
Dam*Sire groups 1 5385 
Error 56 6298 
a60 first parity nonzero lactations. 
*P < 0. 05. 
***p < 0. 001. 
Health traits 
RATE MILK 
M. S. M.S. 
11. 56 901518*** 
4.57 360484* 
0.49 9337 
7.79 60122 
Table 39 has the number of observations for health traits by genetic 
groups. Few differences were significant. High pedigree cows had more 
total digestive disorders, more foot rot and more total skin or skeleton 
disorders than low pedigree cows. Daughters of high sires had more 
joint or leg injuries, fewer mammary cuts and more total skin or 
skeleton disorders than daughters of average sires. Daughters of high 
sires had more observations, defined as the period from birth to first 
parturition or defined as a lactation, than daughters of average sires. 
There were many genetic group differences in mammary disorders, as 
shown in Table 40. Cows in the high pedigree and sire groups had more 
udder edema and more edema treatment than cows in low pedigree and 
average sire groups. High pedigree cows had more edema above the rear 
94 
udder than low pedigree cows. Daughters of high sires had more edema in 
the fore udder, in the rear udder, in milk veins and belly and above 
the rear udder than daughters of average sires. High pedigree cows had 
more mastitis in all four quarters at calving and more lactations affected 
by mastitis than low pedigree cows. There was no significant difference 
in the incidence of mastitis between high and average sire groups. Table 
41 displays a dam by sire interaction for the incidence of mastitis. Ten 
daughters of high sires and high dams had at least one case of mastitis, 
and eight daughters of average sires and low dams had at least one case 
of mastitis. These two groups were the extreme genetic groups. The 
intermediate genetic groups had only one and four cows affected by 
mastitis. The majority of the nonzero generation females were young. 
Therefore the greater first lactation incidences were not surprising. 
Each of the 18 incidences of mastitis in the first lactation was as-
sociated with a different cow. 
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Table 39. Number of observations for health traits by genetic groups 
Source 
General 
Sick at calving 
Level 
no 
yes 
Treatment for sickness no 
yes 
Horn of previous pregnancy right 
left 
Reproductive treatment 
before 30 days postpartum no 
yes 
Standing heat observed 
before 30 days postpartum no 
yes 
Horn of current pregnancy right 
Digestive Disorders 
Wormed a 
High fever 
Given magnet 
Blood analysis 
Kidney infection 
Abdominal abcess 
Ketosis 
Milk fever 
Hardware 
Displaced abomasum 
Off feed 
Bloat 
Diarrhea, scours 
Surgery 
Examinations 
Total 
aNot included in total. 
tp < 0.10. 
left 
open 
Generation 
Zero 
Pedigree 
High Low 
114 130 
6 13 
114 132 
9 13 
76 77 
47 60 
96 116 
26 20 
114 122 
7 14 
76 77 
48 68 
19 17 
26 26 
1 0 
3 2 
1 0 
1 1 
0 2 
1 1 
5 2 
1 1 
6 3 
7 4 
1 0 
0 0 
1 1 
7 3 
35 2ot 
Nonzero 
Sire 
High Average 
54 47 
3 1 
57 47 
0 1 
32 23 
24 25 
45 33 
12 15 
53 45 
3 3 
50 41 
42 42 
8 4 
16 10 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
1 0 
1 2 
2 1 
0 0 
7 2 
0 0 
2 1 
14 7 
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Table 39. Continued 
Generation 
Zero Nonzero 
Pedigree Sire 
Source Level High Low High Average 
Respiratory Disorders 
Pneumonia 0 0 2 1 
IBR 0 1 4 2 
PI-3 0 0 0 0 
Examinations 0 2 6 6 
Total 0 3 12 9 
Skin or Skeleton Disorders 
---
Dehorned a 6 5 30 28 
Spray for lice a 30 30 52 48 
Foot rot 15 at 9 5 
Joint or leg injury 2 3 9 2t 
Foot trinnning 46 42 31 23 
Subtotal feet problems 63 53t 49 30 
Ringworm 4 3 2 0 
Extra-teats 6 5 11 4 
Warts 1 0 0 0 
Pink eye 3 3 10 5 
Obturator paralysis 1 0 0 2 
Peroneal paralysis 1 0 0 0 
Body bruises 1 0 0 0 
Hernia 1 0 1 0 
Mammary cuts 3 1 0 3t 
Total 84 65t 73 44t 
Maximum number of observations 171 187 136 107t 
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Table 40. Number of observations for mannnary disorders by genetic groups 
Generation 
Zero Nonzero 
Pedigree Sire 
Source Level High Low High Average 
Udder edema normal 69 97 29 34 
abnormal S4 47a 28 lSa 
Fore udder edema slight 32 24 12 7b 
moderate 16 14 6 3c 
severe s 2 8 ld 
Rear udder edema slight 31 2S 11 6b 
moderate 17 lS s sd 
severe s 2 8 1 
Milk veins & belly edema slight 23 12 s 3b 
moderate 13 10 9 2c 
severe 1 2 4 od 
Edema above rear udder slight 11 Sb 4 2b 
moderate 6 4 4 QC 
severe 3 1 0 0 
Edema treatment no 113 140 48 48 
yes 13 Sa 10 la 
Mastitis at calving 
right front no 118 143 S6 49 
yes 6 3a 2 0 
right rear no llS 144 S2 3S 
yes 8 2a 2 2 
left front no 119 144 S6 48 
yes s oa 1 1 
aDifferencesignificant (P < 0.10), fewer abnormal than expected. 
bSignificant difference between groups for incidence of slight or 
more edema. 
cSignificant difference between groups for incidence of moderate 
or more edema. 
ds · · f · d ·ff b f · · d f d 1gn1 icant 1 erence etween groups or 1nc1 ence o severe e ema. 
Table 40. Continued 
Source 
Mastitis at calving 
left rear 
Months of mastitise 
no cases 
one or more cases 
Level 
no 
yes 
98 
Generation 
Zero 
Pedigree 
High Low 
120 
5 
1181 
75 
1279 
56a 
Nonzero 
Sire 
High Average 
56 
2 
970 
15 
49 
0 
877 
12 
eThe months of no cases of mastitis were estimated for zero and 
nonzero generation groups based on 102 nonzero generation lac-
tations divided by 243 zero generation lactations times the 
appropriate sum of months of no mastitis cases of 1232, high 
sire, high pedigree; 1114, high sire, low pedigree; 932, average 
sire, high pedigree and 1186, average sire and low pedigree. 
Table 41. Incidence of months of mastitis and number of different cows 
having mastitis by nonzero generation sire and dam groups 
Genetic groups 
Sire 
Dam 
First lactation 
Months of mastitis 
Cows having mastitis 
Second or third lactation 
Months of mastitis 
Cows having mastitis 
Overall 
Months of mastitis 
Cows having mastitis 
High 
High 
8 
8 
3 
2 
11 
10 
High 
Low 
3 
3 
1 
1 
4 
4 
Average 
High 
1 
1 
1 
1 
2 
1 
Average 
Low 
6 
6 
4 
2 
10 
8 
Total 
18 
18 
9 
6 
27 
23 
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Disposal reasons 
Disposal reasons by genetic groups are sunnnarized in Table 42. 
All disposals were involuntary. Death and poor reproduction were the 
main reasons for disposal. No significant differences in primary disposal 
reasons were found between high and low pedigree groups or between high 
and average sire groups. Poor health was given as a secondary disposal 
reason more often for daughters of high sires than for daughters of aver-
age sires. More disposals of daughters of high sires than average sires 
occurred. 
Table 42. Disposal reasons by genetic groups 
Zero generations Nonzero generation 
Pedigree Sire 
Disposal reasons High Low High Average 
Primary 
Death 5 7 22 13 
Reproduction 20 18 8 6 
Mastitis 1 3 1 0 
Poor type 1 1 0 0 
Sold for breeding 0 0 1 0 
Injury 1 1 1 3 
Poor health 3 0 1 0 
Congenital disorder 0 0 3 0 
Calving difficulty 0 1 0 0 
Fatty liver syndrome 1 0 0 0 
Secondary 
Reproduction 2 1 2 1 
Mastitis 2 1 0 0 
Low production 1 0 0 0 
Disposition 0 1 0 0 
Injury 0 2 3 4 
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Table 42. Continued 
Zero generations Nonzero generation 
Pedigree Sire 
Disposal reasons High Low High Average 
Secondary 
Poor health 5 2 7 a t 
Congenital disorder 0 0 13 7 
Calving difficulty 0 2 0 0 
Displaced abomasum 1 0 0 0 
Tertiary 
Low production 0 1 0 0 
Poor type 1 1 0 0 
Displaced abomasum 1 0 0 0 
Number disposed 32 31 37 22t 
Total animals purchased 43 42 0 0 
Calves born on farm 0 0 103 85 
t p < 0.10. 
Conditions Affecting Records 
Of the 388 records of this study, over 40% were recorded as being 
affected by any abnormal condition. The abnormal conditions are listed 
in Tabe 43 with the associated number of observations and means for con-
ception interval, conception rate and deviation milk production. 
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Table 43. Means and number of observations for conditions affecting 
records, as coded on complete lactations 
Condition affecting record Obs. CI, days RATE, % MILK, ti 
None 225 134 92 976 
Slight mastitis 45 145 96 1652 
Acute mastitis 8 184 75 421 
Retained placenta , infec t ed ut erus 8 246 38 -675 
Displaced abomasum 6 149 100 855 
Foot rot 13 146 85 1378 
Lost quarter during lactation 11 112 100 -304 
Udder injury 5 172 60 -2708 
Sickness unknown 10 183 70 -410 
Teat injury 4 101 100 -402 
Pelvic cellulitis 2 88 100 1600 
Body injury 2 180 100 490 
Extensive edema 2 124 100 3665 
Record made on three quarters 7 134 86 -1156 
Leg injury 4 152 75 780 
Lactation ended with abortion 1 63 100 -2100 
Lactation started with abortion 4 99 100 -1288 
Calving injury 2 242 50 -2870 
Moderate mastitis 9 190 78 -404 
Milk fever 1 66 100 -640 
Bad legs and feet 1 308 0 -8270 
IBR 1 81 100 -4860 
Culled--reproduction delayed 9 308 0 172 
Culled--poor udder 1 76 100 -3590 
Uterine infection 3 161 67 577 
Respiratory disorder 2 125 100 430 
Hardware 1 192 100 1880 
Nervousness 1 128 100 -2360 
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SUMMARY AND CONCLUSIONS 
Data were collected following 388 parturitions from May 1, 1968, to 
August 1, 1974, by 177 Holstein-Friesian cows in the Iowa State University 
dairy breeding research herd at Ankeny, Iowa. Open heifers were purchased 
in pairs from Iowa dairymen. One heifer of the pair had a high genetic 
milk production potential and the other heifer had a low genetic potential. 
The open heifers were randomly bred to a high or average sire group so 
that off spring were in a 22 factorial design. 
Connnon dairy reproductive management practices were followed, in-
cluding 30 ± 7 days postpartum exams, artificial insemination at first 
heat after 50 days postpartum, rectal pregnancy exams 45 ± 7 days post-
breeding and additional examinations if the cow displayed abnormal 
symptoms. The last lactation of cows disposed for nonreproductive 
disorders was excluded from the data set. Subsequent parturition was the 
ultimate test of successful conception except for cows removed from the 
herd because of reproductive disorders. The open cows were arbitrarily 
assigned the maximum 308 day conception interval. Mature equivalent 
305 day milk production deviated about seasonal herdmates was the measure 
of milk production used in this study. 
Dairymen can improve fertility by management, popularly called 
tender loving care (TLC). At Ankeny, manual calving assistance resulted 
in less reproductive treatment 30 days postpartum than no calving as-
sistance. Cows with no calving assistance had a 17% lower conception 
rate and 1,680 pounds more milk production than cows with extreme 
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calving difficulty. Retained placentas were not a serious reproductive 
problem. Few cows that had retained placentas needed additional treat-
ment 30 days postpartum. Observation and appropriate gentle treatment 
at calving eliminated any adverse fertility effect of abnormal parturi-
tions. 
Cows with poor 30 day uterine involution grades had 81 days longer 
conception intervals, 42% lower conception rates and 880 pounds less 
milk than those with good 30 day uterine involution grades. If a poor 
uterine involution grade was palpated at any time during the lactation, 
the conception rate declined 22% compared to cows with no poor uterine 
involution grades. 
A cystic 30 day ovarlan condition indicated early postpartum 
ovarian activity and was associated with 16 days shorter conception in-
tervals, 8% increased conception rates and 960 pounds lowered milk pro-
duction. Two-thirds of all cows at 30 days postpartum had one ovary with 
nonsignificant structures on it. The incidence of nonsignificant struc-
tures on both ovaries, indicative of other uterine disorders, was 
surprisingly low when tested with· a x'2 test for independence. 
Cows should be detected in heat previous to 50 days postpartum when 
94.3% of the cows had at least one ovarian structure 30 days postpartum. 
The estrus after 50 days postpartum could be predicted and the cows bred. 
If it takes two services to settle the average cow then she could be 
pregnant 85 days postpartum. The first two months after calving are 
very critical. Cows must be observed closely to insure freedom from 
disease, maintain peak production and predict appropriate breeding dates. 
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Embryonic mortality, 40 days after breeding, was a serious repro-
ductive trait lengthening conception interval 48 days and lowering con-
ception rate 26%. Its diagnosis required two pregnancy exams, but if 
undetected, a cow could be open for months without any attempts to re-
breed her. Cows having embryonic deaths produced 760 pounds more milk 
than cows not having embryonic deaths and obviously were not hampered by 
other serious disorders. The repeatability of embryonic deaths over 
lactations was zero but some cows had two embryonic deaths in one 
lactation. Constant care and observation are the preventative treatments 
necessary to combat long conception intervals as a result of embryonic 
deaths. The cows having embryonic deaths were not harder to settle 
after an embryonic death, but their potential freshening dates would 
have given them unreasonably long and unprofitable calving intervals. 
A luteal cyst was not a fertility "villian". It was a good sign 
in this study because cows having luteal cysts had 40 days shorter con-
ception intervals and 36% higher conception rates than cows without 
luteal cysts. Cows with luteal cysts did have 560 pounds less production 
than cows without luteal cysts. 
Cystic or persistent corpus luteum slightly reduced conception in-
terval 18 days. In treating cystic corpus luteum, care must be taken 
to insure that the cow was not already pregnant. Accurate breeding 
records were essential for the diagnosis of cystic corpus luteum. 
Lower milk production was an indication that something was wrong 
with a cow. Severe reproductive problems such as a poor uterine invo-
lution grade were associated with lower milk production. Awareness of 
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expected production would be a must for the dairyman to observe lower pro-
duction. Including 49 open infertile cows in the data set changed the 
simple correlation of 0.21 on 339 pregnant cows to -0.02 between concep-
tion interval and deviation milk production. 
In general, the reproductive examinations did not lower conception 
rates. The exams were associated with longer conception intervals, but 
the intervals were long before the exams, not because of the exams. The 
reproductive examinations were correlated with all traits except calving 
assistance, manual ovarian treatment and milk production. 
At Ankeny, cows were bred a large number of times with little change 
in conception rate. A high first service conception rate, based on the 
breeding of all the easy normal cows, did not happen. The conception 
to first service was not significantly different from the conception to 
the fifth service. Possibly making all breedings between 8 AM and 5 PM 
reduced conception. Eighteen days was the change from conception on 
first service to conception on second service. Conception interval 
was lengthened 32 days between second and fourth service conception. 
These day intervals were just under the normal 21 day estrous cycle 
length. 
It was hypothesized that cystic follicles were a safety mechanism 
to avoid additional stress of conception and pregnancy when the cow was 
under the stress of peak production, cooler temperatures and fewer day-
light hours. Cows having cystic follicles produced 1,520 pounds more 
milk than the cows not having cystic follicles without a significantly 
lower fertility. 
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Fertility was not as highly repeatable as milk production, but many 
reproductive traits had moderate repeatabilities around 0.20. 
No principal component accounted for a large share of the total 
variance. 
Milk production was the largest, and most significant difference, 
between the genetic groups. High pedigree cows had more 305 day milk 
production, more total skin or skeleton disorders, more udder edema 
and more mastitis at calving than low pedigree cows. Daughters of high 
sires had more 305 day milk production, more total skin or skeleton dis-
orders, more udder edema and more secondary disposal reasons of poor 
health than daughters of average sires. High producing cows were 
associated with more udder edema than low producing cows. 
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Table 44. Location in dairy breeding research file of information used 
in this study 
Traits Column 
Card 1 
Number of cases of mastitis in months 
Card 2 
Calving assistance 
Udder edema 
Fore udder 
Rear udder 
Milk veins & belly 
Above rear udder 
Edema treatment 
Card 3 
Retained placenta 
Sickness at calving 
Sickness at calving--treated 
Mastitis at calving, right front 
Mastitis at calving, right rear 
Mastitis at calving, left front 
Mastitis at calving, left rear 
Horn of previous pregnancy 
30 day ovarian condition, left ovary 
30 day ovarian condition, right ovary 
Conception interval 
Parity 
Treatment of retained placenta 
Card 8 
Calving date 
Cow number 
Cell codes (Sire group, Pedigree group, dam group) 
Reproductive treatment before 30 days postpartum 
Standing heat before 30 days postpartum 
Ovarian treatment--30 day 
Uterine involution grade--30 day 
Systemic uterine treatment--30 day 
Local uterine treatment--30 day 
Cystic follicle 
Cystic corpus luteum 
Luteal cyst 
(CALF A) 
(RETPL) 
(OVARY) 
(CI) 
(PARITY) 
(HYS) 
(TRT-30) 
(GRADE) 
(TRT-30) 
(TRT-30) 
(CYSTF) 
(CYSTCL) 
(LCYST) 
73 
67 
69 
70 
71 
72 
73 
74 
23 
35 
36 
37 
38 
39 
40 
51 
61-62 
63-64 
65-67 
75-76 
34 
7-12 
1-4 
5-6 
20 
21 
24 
25 
27 
28 
29 
30 
31 
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Table 44. Continued 
Traits Column 
Card 8 
NSS 
Hormonal ovarian treatment 
Manual ovarian treatment 
Systemic uterine treatment 
Local uterine treatment 
Horn of current pregnancy 
Poor uterine involution grade 
Fair uterine involution grade 
Reproductive examinations 
Times bred 
Acetonemia 
Milk fever 
Hardware 
Displaced abomasum 
Off-feed poor appetite 
(NSS) 
(OVTH) 
(OVTM) 
(UTS) 
(UTL) 
(RATE) 
(POOR) 
(FAIR) 
(EXAM) 
(BRED) 
Other uterine conditions coded 01 Embryonic death (EMB) 
Bloat 
Diarrhea-scours 
Digestive examinations 
List of other digestive disorders 
Pneumonia 
IBR (red-nose) 
PI-3 (shipping fever) 
Respiratory examinations 
Card 9 
Foot rot 
Joint or leg injury 
Dehorned 
Ringworm 
Extra-teats 
Warts 
Foot trimming 
Pink eye 
Spray for lice 
Obturator paralysis 
Peroneal paralysis 
Body bruises 
Hernia 
Mammary cuts 
32 
35 
36 
37 
38 
39 
40 
41 
43 
44 
54 
55 
56 
57 
58 
45-46 
59 
60 
64 
62-63 
68 
69 
70 
75 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
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Table 44. Continued 
Traits Column 
Card 9 
Disposal reasons primary 
Disposal reasons secondary 
Disposal reasons tertiary 
Card 10 
Generation number 
Diff. herdmate milk 
Conditions affecting record 
(MILK) 
67-68 
69-70 
71-72 
7-8 
64-68 
73-74 
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Table 45. Changes in coding reproductive trait s from information recorded 
in dairy breeding research file 
Trait 
CALF A 
RETPL 
OVARY 
CI 
PARITY 
TRT-30 
GRADE 
CYSTF 
CYST CL 
LCYST 
NSS 
OVTH 
OVTM 
UTS 
UTL 
POOR 
FAIR 
EXAM 
BRED 
EMB 
MILK 
RATE 
Lactations having 1 month of 
mas ti tis 
Reproductive treatment 
before 30 days 
Cell codes 
HYS 
a No change. 
Card column 
2 67 
3 23 
3 61-64 
3 65-67 
3 75-76 
8 24,27,28 
8 25 
8 29 
8 30 
8 31 
8 32 
8 35 
8 36 
8 37 
8 38 
8 40 
8 41 
8 43 
8 44 
8 45-46 
10 64-68 
8 39 
1 73 
3-34 & 8-20 
8 6 
8 7-12 
Change 
dropped levels 5 & 6 
NC a 
3 if one cyst, 2 if both 
NSS, 1 otherwise 
NC 
recode 4-7 as 4 
1 if any treatment at 30 
days, 0 otherwise 
NC 
changed from number of 
occurrences to 1 if one 
case a lactation, and 
0 otherwise 
Combine 0,1,2 exams--2 min. 
Combined 6,7,8.,9 breedings 
6 maximum 
1 if uterine condition 01 
and 0 otherwise 
NC 
0 if code was 3 and 1 
otherwise 
yes, if rnastitis in lacta-
tion and no otherwise 
Yes, if any treat. before 
30 days, no otherwise 
Dropped 3's in genetic 
analysis 
May-Sept summer odd, winter 
even 
